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Summary

This grant covers the development of new instrumentation and techniques for solar hard X-
ray, gamma-ray and neutron observations from spacecraft and/or balloon-borne platforms. The
principal accomplishments are: (1) the development of a two-segment germanium detector which
is near-ideal for solar hard X-ray and gamma-ray spectroscopy; (2) the development of long dura-
tion balloon flight techniques and associated instrumentation; and (3) the development of innova-

tive new position-sensitive detectors for hard X-ray and gamma-ray.



I. Introduction

This grant covers the development of innovative new instrumentation and techniques for

hard X-ray, gamma-ray, and neutron observations from spacecraft and/or balloon-borne platforms

in the next solar maximum. The motivation for this development comes from the numerous new

and exciting results from high energy observations during the previous solar maximum, including:

1)

6)

8)

The discovery that numerous flares produce gamma-ray line and continuum emission
characteristic of accelerated nuclei (see Chupp, 1986), suggesting that ion acceleration may

occur in essentially all solar flares.

The discovery of the near simultaneity of the gamma-ray emission to the impulsive
10-10% keV hard X-ray burst, indicating that the acceleration of ions to =210-102 MeV

also occurs rapidly (within seconds) in flares.

The first observations of energetic (50—-500 MeV) neutrons and >10-100 MeV gamma-
rays from solar flares (Chupp et al., 1982).

The discovery that flares which emit >10 MeV gamma-rays are all located near the solar

limbs, indicating an apparent strong directivity in the gamma-ray emission.

The discovery of a new component of hard X-ray emission with a very steep, close to
isothermal spectrum which dominates the energy range below ~30-35 keV (Lin et al.,
1981).

The observations of brightening in hard, 20-30 keV X-rays of the footpotnts of flare

loops, providing the first direct evidence for non-thermal electron beams (Hoyng et al.,

1981).

In contrast, the VLA radio imaging of flare microwave emission, which is presumably pro-

duced by 2100 keV electrons, shows brightening at the tops of the flare loops (Marsh and
Hurford, 1980).

The first high resolution spectral measurements of ‘“‘normal” impulsive solar flare hard
X-ray bursts, which show that the spectral shape is dominated by double power-law spec-
tra with relatively sharp breaks (Lt¢n and Schwartz, 1986). These spectra suggest that
acceleration of the non-relativistic electrons, which may contain a significant fraction of

the energy released in a flare, may be due to dc electric fields.

The discovery of hard X-ray microflares, bursts with X-ray fluxes 10—10° times smaller
than normal flares which occur about once every five minutes near solar maximum (Lin et
al., 1984). These microflares indicate that even very small transient releases of energy by

the Sun may be non-thermal in origin.



In the best tradition of good astrophysics, these discoveries have raised a host of new

scientific questions which can be answered only with new and improved measurements.

Under this grant we have concentrated our efforts in three areas: (1) the development of a
near-ideal detector for solar hard X-ray and gamma-ray spectroscopy, (2) the development and
fabrication of instrumentation for long duration balloon flights, and (3) the development of

position-sensitive detectors for hard X-ray and gamma-ray imaging and polarization measure-

ments.

II. Gamma-ray, Hard X-ray, and Neutron Spectroscopy

Gamma-ray Line Spectroscopy

Gamma-ray emission from the Sun results from the interactions of energetic protons, nuclei
and electrons with the solar atmosphere (see Ramaty et al., 1975; Ramaty, 1986 for review). These
interactions produce gamma-ray lines from the captures, annihilations and de-excitations of neu-
trons, positrons and excited nuclear levels, respectively, and continuum emission from
bremsstrahlung of relativistic electrons, pi meson decays, and Doppler-broadened nuclear lines.
The observation of these gamma-rays provides unique information on high energy processes at the
Sun, including properties of energetic particles such as the timing of their acceleration, the ratio of
electrons to protons, and the number, energy spectrum, chemical composition and possible beaming

of the particles.

Solar gamma-ray spectroscopy also offers the possibility of determining abundances in the
solar atmosphere. Murphy et al. (1985) have already shown from the SMM gamma-ray spectrome-
ter (GRS) data that the abundances in the gamma-ray production region differ significantly from
photospheric abundances. High resolution gamma-ray spectroscopy could determine the relative
abundances of C, O, Mg, Si, and Fe in the corona, with accuracy that could match or even exceed
that of atomic spectroscopy. Gamma-ray line observations could also determine the photospheric
®He abundance, a quantity which cannot be obtained in any other way. Moreover, the origin of
He in 3He-rich flares is still not well understood, and gamma-ray observations could provide clues

to the origins of these spectacular isotopic enrichments in energetic solar particles.

One of the major advances in our knowledge of solar flares has come from the recent
gamma-ray observations of the Solar Maximum Mission (SMM), and, to a lesser extent, of the
Japanese satellite, HINOTORI. These show that solar flares often accelerate ions to energies of 210
MeV up to GeV, which in turn produce a wide variety of gamma-ray lines through collisions with
the ambient medium (Chupp, 1983). The timing of the gamma-ray emission relative to the hard
X-ray emission indicates that the acceleration of ions often occurs in close coincidence with the
impulsive acceleration of the electrons. These observations suggest the possibility that the

acceleration of ions occurs in essentially all flares and that the same process accelerates both



electrons and ions in the flare impulsive phase.

High spectral resolution measurements are required to exploit the information residing in the
gamma-ray line and continuum spectrum. Figure 1 shows that the resolution of Nal is broader
than the expected widths for essentially all the lines, while the resolution of liquid nitrogen-cooled
germanium semiconductor detectors is sufficient to measure accurately all the parameters of the
gamma-ray lines (with the possible exception of the neutron capture deuterium line at 2.223 MeV,
whose width is ~0.1 keV). In the next solar maximum, it would be desirable to be able to do good
high resolution spectroscopy not just for the very large flares, but also for smaller flares — i.e., to
have sufficient counts to define the spectral line shapes (centroids, widths, and more detailed infor-

mation). Thus large, effective detector areas are required.

A strawman instrument consisting of an array of nineteen 6.5 cm diax6.5 cm long ger-
manium coaxial detectors would have an effective area of about twice that of SMM, and a total Ge

volume of about 4100 c¢m®

. If this array is actively shielded and collimated as well as the best
current cosmic gamma-ray instruments, the background in the 200 keV to 2 MeV range would con-
tribute ~10-10? counts/keV during a solar gamma-ray burst of typical duration of ~10% seconds.
Using the new, innovative Ge detectors and pulse shape analysis techniques developed under the
present grant, we expect to be able to reduce this background by a factor of at least 10, and to

improve the 30 line sensitivity for flares by a factor of ~2 to 4, depending on the line width and

shield leakage background levels.

A gain in sensitivity is also obtained for narrow lines by the high energy resolution of a Ge
system. In the case where the number of background counts is >>1, i.e., where Gaussian statistics

apply, and the observation is background-limited, the minimum detectable line flux is given by:
Fy =(1.30k /eM) [BW /(1/ T, +1/Tg) A]"/? ph/cm® — sec

Here k is the statistical criterion (number of standard deviations); ¢, the detector efficiency for
total absorption of gamma-rays (or 1st or 2nd escape peak, in the case of pair production); M, the
on-/off-source modulation efficiency; B, the detector background per unit energy and geometric
area exposed to the source; S, the line width or detector energy resolution (FWHM), whichever is
greater; A, the geometric detector area; and T, and Tp, the times collecting source (plus back-
ground) and background data. Since the line widths are generally less than the resolution width of
Nal but greater than that of Ge, there is a significant gain in line sensitivity for Ge. For example,
for the 2.223 MeV deuterium line with intrinsic width of about 0.1 keV, germanium (2.1 keV reso-
lution) is more sensitive than Nal (~90 keV resolution) by a factor of (90/ 2.1)}/2 =6.5 for the same

effective area.

With improved sensitivity and energy resolution quantitative gamma-ray spectroscopy (as

opposed to just line detection) can be done for the first time in astrophysics.



Hard X-ray and Gamma-ray Continuum

Almost all of the measurements of solar flare hard X-ray and gamma-ray burst continuum
spectra have been made with scintillation detectors. The poor energy resolution of these detectors
inherently limits the steepness of the continuum spectra that can be measured. Furthermore, the
observed spectra must be deconvolved by assuming an a priori spectral shape, convolving it with
the detector response, and comparing the result with the actual observed count rate spectrum. As
pointed out by Fentmore et al. (1982), this procedure can lead to artifacts in the spectra. In addi-
tion, small changes in gain and/or dead layers will strongly affect the results. Finally, nonlineari-
ties and K-edge effects in the middle of the hard X-ray range further complicate the interpretation
of the spectra.

The advantages of high resolution germanium detectors for solar hard X-ray spectroscopy are
evident from our 27 June 1980 balloon flight, when a medium-size solar hard X-ray burst was
observed. We discovered immediately that a nearly isothermal component dominated the spec-
trum below ~30 keV (Lin et al., 1981). Such a component has a spectral power-law slope as steep
as ~—11, far too steep to be measured by scintillators (see Figure 1). HINOTORI and SMM have
confirmed the existence of this component through continuum observations at lower energies and

through FeXV! line measurements. This component appears to be a common feature in flares.

The spectral measurements of the ‘‘normal” impulsive phase hard X-ray burst in the same
flare showed that the dominant spectral shape is a double power-law with a relatively sharp break
(Lin and Schwartz, 1987). Emission from an isothermal 108-10*K plasma can be specifically
excluded. The double power-law shape suggests that dc electric field acceleration, with total poten-
tial drops of ~10° volts, may be the source of the energetic electrons which produce the hard X-ray
emission in flares. The hard X-ray emission could be observed at a very low level for at least 20
minutes after the impulsive phase, indicating that trapping of the electrons high in the corona
and/or long-lived continuous acceleration may be occurring. At that point the flux was only a

fraction of the diffuse sky background in the 3°>6° detector aperture.

On the same balloon flight ~25 hard X-ray bursts with peak fluxes a factor of 10—10% smaller
than normal flare events were observed in 141 minutes of solar observation (Lin et al., 1984).
These hard X-ray microflares last a few seconds to tens of seconds and have power-law energy spec-
tra. These observations suggest that even very small transient energy releases by the Sun may be
non-thermal in character. High sensitivity, comparable to cosmic hard X-ray instruments, is

clearly desirable for solar observations.



Germantum Detector Development

Under this grant we have developed a germanium detector with the following features:
1) It is capable of measuring the entire energy range from ~10 keV to =10 MeV.
2) It has very high energy resolution (~0.5 keV at 50 keV to ~5 keV at 10 MeV).

3) It can reject with very high efficiency the B-decay radioactivity in the detector itself,
which is the dominant source of background in the 200 keV-3 MeV range for well-
shielded detectors.

4) Its background at lower energies, 10 keV—200 keV, is comparable to that of the best

phoswich scintillation detector system.
5) It is highly linear and intrinsically stable in gain.

6) It is highly reliable and relatively insensitive to contaminants and to handling. These

characteristics make large arrays of detectors feasible.

The low background is achieved at low energies, ~10 to ~200 keV, by electrically segmenting
the detector to provide the germanium equivalent of a phoswich scintillation detector (Figure 2); at
high energies, 2200 keV, it is achieved by reducing the background from detector radioactivity
which consists mainly of B-decays. This is done by distinguishing single- from multi-site events
throughout the detector volume. Radioactive decays of S-particles are single-site events. At ener-
gies below ~150 keV, where photoelectric absorption is dominant, incident photon absorption is
also single-site (neglecting the short range of K X-rays). Photons at higher energies, because of
Compton scattering, and annihilation photon absorption following pair production, typically have

multiple site energy loss signatures.

The resulting germanium detector, shown schematically in Figure 2, has a closed-end coaxial
geometry and is made of n-type material, ~6 ¢cm in diameter and ~6 cm thick. As larger diameter
detectors become feasible in the next few years, we will use them. Germanium of n-type is used
because detectors made with it are essentially immune to radiation damage from fluxes of energetic

particles in a several-year space mission (Pehl, 1978).

The detector has multiple collecting electrodes which divide it into two distinct volumes, or
segments, according to the electrical field pattern. In the central 1.0 cm diameter hole which
extends to within ~8 mm of the top, two separate contacts are provided by diffusing lithium into
the germanium, coating the lithium with gold, then lapping away the gold in the boundary
between the contacts. The detector is then re-etched to provide a clean surface in the boundary;
the gold is unaffected by the etch (Luke, 1984). The top contact collects charge from the upper 1.5
cm segment of the detector, and the long lower contact collects charge from the bottom ~4.5 cm
coaxial segment. The outer and top surfaces are implanted with boron to make a very thin win-

dow for X-rays, and metallized for the high voltage contact. The bottom flat surface of the



detector is coated with amorphous germanium to eliminate surface channeling effects.

During the grant period we have fabricated and tested one 4 cm dia x 4 dia prototype and six
5.5 em diax 5.5 cm segmented detectors. Our techniques for the fabrication of these detectors are

now well developed and fairly routine.

The detector operates in three low background modes, which are summarized in Table I.
The “Front Segment Mode” is used at low energies (<200 keV) where photoelectric absorption
dominates. Photons are absorbed in the front ~1 ¢cm segment, while background is rejected by
anticoincidence with the adjacent rear segment of the detector. Therefore, this mode has the excel-
lent background rejection properties of a phoswich type scintillation counter (Matteson et al.,
1977). The pancake geometry of the front detector has a substantially lower capacitance than a

normal planar detector of the same dimensions, resulting in significantly better energy resolution.

Table I.
Mode Event Selection Criteria
Front Segment Energy loss only in the front segment.
Front-Rear Energy loss in both segments.
Coincidence (Requires multiple site event.)
Rear Pulse Shape Energy loss only in the rear segment.

Discrimination (PSD)  Pulse shape discrimination accepts
only multiple-site events.

Multiple-site interactions will be recognized in two ways. First, gamma-rays, which lose part
of their energy in the front segment and the rest in the rear segment, would be identified by front-
rear coincidence. Second, in the rear segment, pulse shape discrimination will be used to identify
multiple-site interactions (for pure rear segment events) located at different radial distances. Pulse
shape discrimination is possible because energy deposited in the Ge detector at a given site pro-
duces charge carriers, which travel radially in the electric field of the detector to the central and
outer contact. Thus the charge collection, and hence the current pulse at the preamplifier input,
depends on the radial location of the site of energy deposition. Typically, charge collection takes
up to ~200—350 ns in a 5.5 cm dia detector. When the energy deposition of a multiple-site interac-

tion is distributed in radius, the pulse shape becomes a superposition of single-site pulses.

We have computed the detailed shape of the current pulse waveform for single-site energy
losses typical of single photopeak absorption events and f-decay radioactivity, and for the distri-
butions of energy depositions resulting from a Monte Carlo photon propagation program (see Roth
et al., 1984). The differences in current pulse waveforms for single site versus multiple-site energy
losses can be exploited to provide discrimination between f-decay background and true photons in

the energy range ~0.3 to 2 MeV. Below we describe the pulse shape discrimination electronics and



detailed laboratory and balloon flight testing of this technique.

Ge Detector Electronics

In this grant period we have also developed techniques and electronics for fast digital storage
and subsequent d:tailed analysis of the Ge current pulse shape, and methods for producing single-
site interactions in the detector for testing. The current pulse is sampled every 10 ns by the circui-

try shown in Figure 3.

The signal path from each detector segment to its respective Pulse Height Analyzer (PHA) is
straightforward with the following exception: in order to achieve a dynamic range greater than
that allowed by the 12-bit PHA, the shaping amplifier contains a switchable 5x attenuator con-
trolled by a discriminator on the preamplifier output line. This extends the range of the PHA on
each segment up to 12.5 MeV. The status of the gain switch is latched by the PHA, when trig-
gered, as a 13th data bit.

Pulse shape information was initially obtained by additional circuitry, connected only to the
signal path from the coaxial detector segment, consists of a fast differentiator and a LeCroy model
2261 Image Channel Analyzer utilized here as a Pulse Shape Analyzer (PSA). The fast
differentiator, with a time constant of 10 ns, extracts the detector current waveform from the
preamp output waveform and passes it to the PSA. Later it was realized that a separate preamp
to take the shape signal off the high voltage connection to the detector would avoid image charge

pulses on the front segment. A separate current preamp has been used for the past two years.

The PSA module consists of a Charge Coupled Device (CCD), support, and readout logic cir-
cuitry. The CCL is an analog shift register (sometimes referred to as a charge packet bucket bri-
gade) with a length of 640 cells and a clock speed of 100 Mhz. An input signal is sampled, con-
verted into a charge packet, and shifted at the 100 Mhz rate; thus the time length of the device is
6.4 ps with a resolution of 10 ns. Upon receipt of a Stop signal, the 100 Mhz clock signal is
replaced with a 100 KHz clock signal, the charge packets are converted to voltage levels as they
arrive at the back of the CCD, and these voltage signals are passed to a 12-bit Analog-Digital
Converter (ADC). The 12-bit words are stored in a local memory and become available for
readout at the completion of the conversion process. This time dilation capability of the CCD

allows a combination of accuracy and time resolution not otherwise possible at this time.

To conserve telemetry, only the first 50 samples of shape data are read out. To insure that
the event of interest occurs within these fifty samples the PSA Stop pulse must be issued approxi-
mately 6.3 microseconds after the event occurs. This is done in the following manner. The shap-
ing amplifiers were designed to have a peaking time of 6.0 p#s. The PHA trigger pulse, generated
at the pulse peak, is also passed to an adjustable delay circuit which then supplies the Stop signal
to the PSA.



A function and address logic block provides a CAMAC environment for the PSA to function

properly without modifications. This scheme utilizing the LeCroy unit was used in the 1988 bal-
loon flight.

For an array of many Ge detectors the high data rate and high power consumption required
for digitizing anc telemetering the pulse shapes to the ground is impractical, particularly for the
high count rates expected for solar flare bursts. In a large solar flare the flux of 0.4—2 MeV
gammarrays would be 210% (cm? s!')™ so the counting rate for a 6.5 cm diax6.5 cm length Ge
detector would be ~400 counts/s. Since each pulse shape takes ~500 bits to characterize at 10 ns
time resolution, about 200 kbps would be generated for each detector, so an array of 10—20 detec-
tors would generate 2—4 megabits/s. Thus a system to analyze the pulse shape digitally in near-
real time to obtain the relevant shape parameters is required. A basic change in Figure 3 is the
replacement of the very power hungry (~25 watts) LeCroy 2261 CCD image analyzer with a flash
ADC followed by storage into memory. Such a replacement unit has been designed, developed,

and fabricated fo: a balloon flight in spring 1989 for non-solar observations.

We have also made detailed studies of background rejection, dynamic range, active shield,

and analog and digital electronics. These are described in detail in Appendix A.

The data from each Ge detector for the high count rates of solar flares would be sort by a
dedicated microprocessor operating in near-real time. This microprocessor could be programmed
with sophisticated algorithms for ginning the spectroscopy data and analyzing the shape. The

shape parameters would then be sent to the data stream together with energy information.

Even so, we éstimate 232 bits per detected photon are required for the energy and shape
information, so the data handling electronics would need to accommodate 212 kilobits/s per detec-
tor. For a large flare (duration ~10% s) observed by an array of 10—20 Ge detectors, the total
amount of data for the 0.4—2 MeV range alone would be ~100 megabits. Together with the hard
X-ray information from the front segment, we estimate that on the order of =2 x 10® bits are gen-
erated in a larg: flare. Thus we have developed a system for handling, storage, and onboard
compression of data for our long duration balloon payload. That system is configured so that data

can be DMA-input at a rate of ~1 megabyte/s.

It is capable of operating the payload independently for long periods (20 days or more). Its

tasks include:
1) collection and storage of the data from the detectors;
2) monitoring the data and generating burst triggers;

3) compression and transmission of the data to geosynchronous spacecraft and to the ground

station;
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4) computing the gondola location and controlling the pointing of the detectors.

The data svstem consists of an 80C86 microprocessor, 16 Megabits of RAM memory, a
VCR-based data storage system, sun sensors, transmitters, etc. A more detailed description is con-

tained in Appendix B (Lin et al., 1987).

Neutron Detection

During the grant period we have developed Ge preamp electronics which not only provide
high spectral reso.ution in the hard X-ray and gamma-ray line energy range (10 keV to 210 Mev)
but extend up to 250 MeV with good linearity. Thus the Ge detectors can be used as a primary
detector of high energy neutrons and =10 MeV to 250 MeV gamma-rays. Used in a telescope
configuration together with rear anti-coincidence shield crystals, the Ge detectors should be able to

identify and separate high energy neutrons from gamma-rays.
Laboratory and Flight Testing

For detector testing, single-site interactions are produced in the detector by forcing a single
Compton scatter at 90° plus or minus 3’ by collimation of both the incoming 1173 keV photons
and outgoing scattered 356 keV photons (Figure 4). In addition, the energy losses in the ger-
manium detectors are restricted to those values and coincidence is required. Under those condi-

tions more than 95% of the 817 keV energy losses are single site.

Examples of actual germanium detector current pulses are shown in Figure 5 for single
energy depositions at different radial distances, and in Figure 6 for multiple-site interactions at
nearly the same energy (836 keV from 54Mn). For the same time-to-peak the current peak height
is generally lower for multiples than for singles. The distributions of singles and multiples are
shown in Figure 7. The dashed line in each figure is drawn approximately through the centroids of

the distribution of peak heights at each time-to-peak for the singles. Note that multiples generally
tend to be below the dashed line.

These tests confirm the feasibility and usefulness of the pulse shape analysis for background
rejection. Using just the distribution of peak height versus time-to-peak criteria, it is possible to
reject ~90% of the singles while still collecting ~60% of the multiples. Clearly, much more infor-
mation is present in the pulse shape for discriminating between singles and multiples. But even
this crude two-parameter analysis gives very significant gains (~ a factor of 2) in effective sensi-

tivity. More detailed discussion of the laboratory measurements is given in Smith et al. (1988).

A test flight of a single two-segmented Ge detector in a thick Csl shield and Nal Collimator
was carried out in March 1988 which verified the background rejection capabilities of this system.
In this test flight, the laboratory (LeCroy) electronics system (Figure 3) was flown and the pulse

shape telemetered down to the ground.
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II1. Position Sensitive Germanium Detectors

The hard X-ray imaging observations from SMM were of fundamental importance in that
they provided direct evidence for non-thermal electron beams. Because of the low sensitivity of the
HXIS instrument, only a very few intense flares were observed which could be imaged in hard X-
rays. The HXIS eaergy range extended up to 30 keV, and it is possible that after the initial impul-
sive spike the images were dominated by the hot isothermal component (Lin et al, 1981). This

may be the reason that the 16—30 keV images later in the flare showed brightening at the top of
the flare loop.

The hard X-ray foot point brightenings contrast with the VLA images of microwave bright-
enings at the tops of flare loops. Microwave emission is believed due to gyro-synchrotron emission
of 0.1 MeV electrons. It is of fundamental importance to the physics of flare particle acceleration
to resolve this X-ray/microwave difference. Are the high energy electrons somehow accelerated and
trapped at the tops of the loops, while the low energy electrons are beamed downward? Or are we
seeing the effects o microwave emission and absorption processes? Clearly, imaging at 30 to >100
keV energies is very important. Furthermore, much higher sensitivity is needed, both to observe a
wide range of flare intensities, and in the hope of determining not just the main electron collisional

loss site but also the electron acceleration site.

At present, studies are progressing on much larger and quite novel hard X-ray imaging
instruments, the gamma-ray and hard X-ray imaging (GRID) instrument for the MAX’91 Solar
Balloon Program, spacecraft, and the Pinhole-Occulter Facility (P/OF), which hopefully will be
flown on the Spac: Shuttle, and eventually, on the Advanced Solar Observatory (Dabbs et al.,
1982).

As presently envisioned the P/OF instruments would depend primarily on the Fourier
transform imaging technique to obtain high angular resolution (see Figure 8). Two widely spaced,
fine-scale grids create a large-scale modulation pattern of high-energy photons which can be meas-
ured by a detector with only moderate spatial resolution. This modulation pattern contains the
phase and amplitude information for a single Fourier component of the source distribution. Each
pair of grids, ther:fore, provides information analogous to a single “baseline” in radio inter-
ferometry. The GEID or P/OF instruments use multiple grid pairs with a variety of slit spacings
and angular orientztions to sample numerous Fourier components. An image is constructed from
these Fourier components in exact analogy to image formation using multi-baseline radio inter-

ferometers such as the VLA.

Nal scintillation detectors used as Anger cameras can provide the required one-dimensional
position information at energies from ~100 keV to the MeV region, but these detectors have poor
position resolution at lower energies. Conventional position sensitive xenon proportional counters

operated at 1 or 2 atmospheres pressure are inherently limited in spatial resolution by the path
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length of photoelectrons in the gas (~1 cm at 50 keV and 1 atmosphere), and perhaps more impor-

tant, provide insufficient stopping power to reach energies of 102 keV for practical detector

thicknesses.

Under this grant, we investigated three very promising approaches for hard X—ra.yﬂ imaging
detectors which can provide good to excellent stopping power up to >150 keV, and spatial resolu-
tion of from a few o a few tenths of mm. In addition these three approaches provide much better
energy resolution than obtainable with Nal scintillation detectors or xenon proportional counters.

The three approaches are:

1) Position-sensitive germanium ‘“drift chamber,” where the germanium charge pulse is
drifted in a small electric field and its transit time is a function of distance along one
dimension. A laboratory prototype has been fabricated and 1-D spatial resolution of ~0.5
mm achieved for 60 keV X-rays (see Luke et al., 1985).

2) Position-sensitive germanium detectors where the current pulse shape is used to give the
position in one dimension. This technique is based on work with pulse shape analysis for

background reduction (see section I, Figure 5) in coaxial detectors.

3) High pressure (10—40 atmospheres) xenon gas scintillation drift chambers which, in princi-
ple, could give 3-D location by a combination of drift plus 2-D readout. A small (~10 cm
dia) laboratory version has been fabricated and tested under a CalSpace grant. This
technique is adaptable to large area detectors, and may provide response down to low, <5

keV energies. This last detector is described in section III

Germanium Drift Chambers

A Ge drift chamber has been fabricated recently by the LBL detector group (see Luke et al.,
1985, in Appendix C, for details). The detector consists of a planar 3cmx3cmx0.3cm thick piece of
Ge with p* contazts on both planar sides and an nt contact at the center of one end (Figure 9).
The impurity con:entration has a gradient from the n* contact to the other end. As voltage is
applied the detector depletes from the two planar sides toward the middle, reaching full depletion
first at the end opposite the nt contact. When sufficient voltage is applied so the detector depletes
fully everywhere, a transverse drift field is set up along the central plane of the detector. The elec-
trons of the electron-hole pairs created by energy depositions in the detector initially drift rapidly
toward this center plane, while the holes drift to the p¥ contacts. Current pulses are thus pro-
duced on the pt contacts. Once the electrons reach the center plane they drift slowly in the
transverse field toward the n™ contact, producing a pulse when they reach the contact. The tim-
ing between the nt contact pulse and the p* contact pulses gives the spatial location in one

dimension. Spatial resolution of ~0.5 mm has been obtained for 60 keV X-rays.
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We have evaluated this type of detector. Trapping in the detector gives non-uniform spatial
and spectral response, so careful mapping is required to maintain good energy resolution over the
entire detector. Operation at somewhat elevated temperatures can help by reducing trapping. We
find that the spectral resolution of the detector taken as a whole is poor (~6 keV FWHM, see Fig-
ure 10), but that the resolution at a given location is much better, typically 1-3 keV FWHM at
the 2!Am 60 keV line. Thus by keeping track of the location (which would be done anyway to
spatially resolve the source), and correcting for gain variations with location (Figure 11), an
effective spectral resolution of 1-3 keV FWHM can be achieved. Thus spatial resolution of ~1 mm

and spectral resolution of a few keV can routinely be obtained in a 3 cm x 3 cm detector.
Thick Planar Ge Detectors with Pulse Shape Analysis

As we and others (Strauss and Sherman, 1972) have shown, the shape of the current pulse
collected from an energy deposition in a coaxial germanium detector depends on the location of the
deposition (see Figure 5). We believe that a ~5 cm thick planar detector of the geometry shown in
Figure 12 can be fabricated by using the very high purity material around the transition from n to
p type impurities in germanium crystals. Such a detector could provide fairly uniform one-
dimensional spatial resolution of ~1—-2 mm, using refinements of the pulse shape techniques we
have already developed. This type of detector may also be adapted for position sensing at
gamma-ray energies, since the detector diameter of ~6 ¢cm would provide the stopping power of a
large coaxial Ge detector. Segmentation of the detector (dotted line in Figure 12) may help to

separate the initial Compton scatter from subsequent interactions.

We have fabricated and tested a 3 em thick planar germanium detector and developed our

present pulse shase analysis techniques for position sensing in this detector.

Figure 13 shows a computer simulation of the current pulses from different locations in a

thick planar detector. Pulse shape measurements on the 3 em thick planar are in agreement with

these simulations. Spatial resolution of a few mm appears feasible.

V. High Pressure Xenon Gas Scintillation Drift Chambers

Together with Professor Sadoulet, we have been developing a high pressure xenon gas scintil-
lation drift chamber, similar to the so-called ‘‘time projection chamber” or ‘‘imaging’’ chambers
used successfully in particle physics, for use in hard X-ray and gamma-ray astronomy. In such a
system (Figure 14), the gas of the chamber would be the converter, and the extracted electrons
would be transported by an electric field towards a suitable bi-dimensional sensing plane which
would give, by :ombination of the drift time and of the cell number, the original spatial coordi-
nates. In that way, an image of the full interaction would be obtained with a pixel size on the
order of a millimeter in the 3 dimensions. The energies involved in each event would also be meas-

ured by pulse height.
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The extracted electrons are detected via gas scintillation (Stms et al., 1984 and references
therein), with a novel read-out technique on the use of wave-shifter fibers (Garwin, 1960; Eckardt
et al., 1978; Fent et al., 1984). Gas scintillation relies on the emission of UV light when the elec-
trons extracted by the original interaction drift into a strong electric field. The medium is tran-
sparent to this light. This light is then wave-shifted, sent along the optical fibers, and sensed by
phototubes. Since many photons are produced, even a relatively poor collection efficiency leads to

a few photoelectrcns per initial electron.

The use of wave shifter fibers provides an elegant way of extracting the light, well adapted to
the use of high pressure. Two-dimensional read-out can be implemented by allowing half of the
light to go through the first layer and be collected by another layer at 90 degrees. The time of
occurrence of the photon interaction can be obtained from the primary scintillation (from the ini-
tially produced piotoelectrons and Compton electrons) of the gas. This will provide a time zero

for the drift measurement.

The technological problems encountered in this new technique do not appear insurmountable.

Basically, they ar: of three types.

1) Gas purity. Impurities will quench both the primary scintillation, and the secondary scin-
tillation in the high field gap. Shortly, testing of the outgassing properties of many

materials will begin.

2) Relatively high voltages. The present prototype, for instance, requires 60 kV but very
small currents. However, proper engineering and production of high voltage directly in

the charnber allows us to minimize potential problems.

3) High pressure. The detector is designed to operate at the maximum practical pressure
with xenon of 40 atmospheres. This is not a great inconvenience if spherical shapes and
modern composite materials can be used in order to minimize the amount of material.
For insiance, 1 gram/cm® of Kevlar-Epoxy is sufficient to hold 40 atmospheres with a
radius of 50 ¢cm and a safety factor of 10! Moreover, for work at lower energy, smaller

pressures (10 atmospheres) would allow an even thinner window.

Such a technique has many potential advantages with respect to currently used techniques.
In the region between 35 keV and 100 keV, such gas scintillation chambers offer an interesting
alternative to xenon multiwire chambers. Contrary to the latter, they are easy to operate at large
pressures, offering the possibility of large stopping power. In contrast to the usual avalanche detec-
tion method plagued by space charge effects and large fluctuation, gas scintillation energy resolu-
tion is completely dominated by the fluctuation in the number of extracted electrons, and resolu-
tion only about 3 times worse than that for germanium has been achieved. Large areas can be

instrumented at much smaller cost than germanium detectors. There is also the possibility of
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detecting the escape photons (emitted in 85% of the photoelectric effects) in xenon (Sims et al.,
1983), which will provide a powerful method of background rejection against neutron scattering,

p-decays and Compton scattering of gamma-rays leaking through the shield (Gehrels, 1985).

A small prototype of a gas scintillation drift chamber has been built in Berkeley with funds
provided by CalSpace, NASA Innovative Research, and the Lawrence Berkeley Laboratory. Figure
15 shows the chamber in its first configuration, where the light is observed through a quartz win-
dow by a set of 17 phototubes in an Anger camera geometry. Table Il gives some of the chamber

characteristics. Figure 16 shows some of the components of this detector.

Table II. Chamber Characteristics

1. Anger camera configuration

Chamber diameter 6 cm

Drift length 7.1 cm

Scintillation gap 0.5 cm

Maximum working pressure 40 Atmospheres
Typical voltage settings (40 Atmospheres)

Drift voltage 10kV

Scintillation gap voltage 50 kV
Expected performance (pure xenon, 40 Atm)

INumber of UV photons/Initial electron 2200

Drift velocity (35 V/cm/atm) 10° cm/s

Total drift time 70 ps

II. Read-out by wave shifter fibers
Diameter of fibers 0.1 cm
‘Theoretical maximum collection efficiency
'number photo-electrons/number of UV photons)  0.25%

We have been operating this prototype for a year and a half. We have solved the problem of
oxygen contamination we had at the beginning. We have connected the 16 phototubes reading out
the chamber to a computer, providing approximately 50000 digitizings per event. This allowed us
to demonstrate the imaging capability of our device. For instance, the time profile of X-ray pulses
readily displays the presence of 2 pulses in case of emission of a K shell escape photon. The double
pulse K shell signature is also observed in the wave shifter fiber read-out. This showed also that
the individual X-ray pulses are simple enough to allow an on-board algorithm to summarize the

information.

Most importantly, we have demonstrated for the first time the operation of the wave-shifter
read out. Figure 17 shows our first uncorrected ?*!Am spectrum obtained with fibers. The light
collection efficiency of the fibers in a real chamber environment is observed with X-ray pulses to be
(2 £0.5) x 1072 photoelectrons/initial UV photon light when the theoretical maximum is 3.2 x 1075,
This is much higher than our conservative design estimate of 0.6 x 107%. The relatively large spa-

tial spread of the light pulses that we observed is now understood and can be corrected.
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The pattern of the pulses observed on the fibers which are grouped in strips of 8 mm clearly

demonstrates the possibility of measurement of the zy position.

There is some degradation of the gas with fibers and without recirculation leading to a
decrease of the pulse height of 20% per day. However, we have shown that passing the gas
through a molecular sieve improves the light yield and our chamber has been able to work for 50
days with the same gas and with recirculation we could restore the initial pulse level. Therefore

with a proper recirculation system this contamination should not be a problem.

Recently, we encountered a major difficulty when we discovered that the fibers were absorb-
ing the gas and lengthening by about 3%. The fibers then bend and the spatial accuracy is

compromised. This can be corrected by isolating the fibers from the gas, using thin quartz tubes.

We have begun the design of a large prototype gas scintillation chamber for solar hard X-ray
imaging in the <5 keV to 2150 keV range. For applications to solar imaging instruments such as
P/OF where Fourier transform grids would be used, only one-dimensional spatial resolution of
<0.5 c¢m is required. Also 1 g/cm? column depth of xenon would provide 86% absorption at 80
keV photons and 50% at 150 keV. Such requirements are well within the capabilities of these
detectors. Figure 18 shows a conceptual design for a solar hard X-ray Fourier transform imaging
detector. This detector is operated at 10 atmospheres pressure and 18 cm depth for a total column
depth of ~1.06 g/sm?. The detector is large enough to provide room for at least 6—7 Fourier grid
subcollimators. Two sets of orthogonal wavelength shifters will be used to provide the required
spatial resolution for any orientation of the Fourier subcollimators. Fiberglass shells of the

required size and shape have been fabricated and tested to 20 atmospheres.

V. Long Duration Balloon Flights for Solar High Energy Observations

The ideal platform for high energy solar measurements would permit continuous coverage of
the Sun over the z:5-year duration of the solar maximum. Such a platform could be provided by a
spacecraft in heliocentric orbit, located at the Lagrange point L, between the Sun and the Earth.
It is important to note, however, that high energy, 215 keV measurements, can be obtained from
high altitude balloons, and that it is now possible to obtain long duration, =1-month, balloon
flights by circumnavigating the globe. In 1982 a 15 million cu ft balloon with an ~1200 lb pay-
load made a circumnavigation of the globe in the southern hemisphere. The balloon was a stan-
dard zero pressure balloon operated in the RAdiation COntrolled balloON mode (RACOON). The
main characteristic of RACOON long duration flight are:

1) The balloon is at high altitude during sunlit hours but drops during nighttime, making

RACOON particularly suitable for solar observations.
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2) Thus, essentially ~12 hours of continuous high altitude observations are obtained each
day. This contrasts with typical low altitude spacecraft (such as SMM), which have an
~2-hour orbit with ~40 minutes Earth shadow each orbit. Very often the start or decay
phase of a large flare would be missed. Coverage through an entire flare including at
least ~10% s after the impulsive phase is important to obtain the delayed emissions from
positron annihilation, neutrons, etc. Furthermore, it may be possible to obtain ~24-hour

coverage at high energies with flights over Antarctica during its summer.

3) The energetic particle radiation environment is much less severe at balloon altitudes than
on low orbiting spacecraft. This is important to minimize both radiation damage to the

detectors and electronics, and activation of the detector in the South Atlantic anomaly.

4) It is much easier and cheaper to provide cryogenic cooling on balloons than on spacecraft.
Normal [iquid nitrogen dewars are used in balloons, but extremely expensive and complex
solid cryogen or mechanical coolers are required for spacecraft, because of the weightless

environment in orbit.

5) Because of the much more benign launch environment and the capability for repairs after
each flight, balloon experiments need not be designed to space-qualified specifications.

These are usually major cost drivers for (space) experiments.

6) The currently available resources on a RACOON long duration balloon flight — ~50 watts
from so.ar cells, and ~60 bits per s data rate over ~2/3 of the globe through GOES,
METEOSAT, and TRANSIT — are already sufficient for simple spectroscopic studies of

solar flares and other transients.

7) At present, around-the-world flights are possible only in the southern hemisphere, for pol-
itical reasons. Since the winds are favorable only in the local summer, a season of ~3
months (Dec.-Feb.) is available. However, long duration flights from the U.S. to Japan
and China should also be investigated. These should provide ~5—7 day long flights.

The reliability of LDBF needs to be established, and the resources available (weight, power,
telemetry rate) should be expanded in the next few years. It appears to us that LDBF can provide
a platform for high energy solar physics which may be highly advantageous, especially in terms of

cost.

We have developed, fabricated, tested, and flown an LDBF payload carrying an array of
planar germanivm detectors (50 cm? area) and an array of large area (700 cm? total) phoswich
Nal/Csl scintillztion detectors for high sensitivity observations of solar hard X-ray microflares (see
Figure 1 of Aprendix B). The launch of this payload, originally planned for Jan.—Feb. 1985 was
postponed to Jan.—Feb. 1986 due to diplomatic problems with obtaining an official U.S.-Australian

agreement on such flights. It was postponed from 1986 to 1987 because of the moratorium on all
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balloon flights which was imposed after the disastrous rash of balloon failures in the fall 1985
domestic campaign. This payload was launched on February 9, 1987, from Alice Springs, Aus-
tralia, and successfully flew for 12 days before being cut down in Brazil on February 21. Appendix

B provides a detailed description of the payload and of the flight performance.

A second long duration balloon flight was carried out in March 1988 with a single segmented
coaxial germanium detector with pulse shape discrimination. Due to a failure in the power system
only one day of data was obtained. These data, however, proved the feasibility of the pulse shape
discrimination technique and provided the first measurement of B-decay background from cosmic

ray activation of the detector. A description of the 1988 LDBF is given in Appendix C.

We have also made a preliminary study of the possibilities for Antarctic long duration bal-

loon flights for solar observations. The results are summarized in Appendix D.
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Appendix A
HIREGS Instrumental Details

Background Rejection by Pulse Waveform Analysis

In modern germanium gamma-ray detector systems the background consists of: a) diffuse sky
cosmic (and atmospheric) hard X-ray and gamma-ray fluxes in the open aperture of the detector
system; b) leakage of ambient 4-rays through the shield, and c¢) internal background in the detec-
tor, now known to be almost entirely due to radioactivity induced by cosmic rays and trapped pro-
tons and their secondary neutrons. Gehrels (1985) has analyzed the internal radioactivity back-
ground in germanium detectors and found that the part not anticoincidenced by the active shield
consists primarily of 8™-decays.

The energy deposition range of a f~-particle is small, e.g., 0.08 ¢cm at 1 MeV, and it can be
said to deposit its energy at a single site. On the other hand, at energies above ~200 keV, because
of Compton scattering (and pair production at >2 MeV), photons typically have multiple site
energy loss signatures. Thus, by distinguishing between single and multiple site interactions in the
detector volume, it. is possible to reject most of the induced radioactivity background at energies
from a few hundred keV to several MeV.

Techniques have been developed at UCB to efficiently separate single-site from multiple-site
interactions. Gamma-rays which lose part of their energy in the front segment and the rest in the
rear segment would be identified by front-rear coincidence. For purely rear segment events, pulse

shape analysis is used in HIREGS to identify multiple-site interactions located at different radial
distances.

The energy deposited in the Ge detector at a given site produces charge carriers, electrons
and holes, which travel radially in the electric field of the detector to the central and outer con-
tacts. The motior. of the charge carriers induces a current at the electrodes; the integral of the
current signal is proportional to the total charge. The current pulse waveform at the preamplifier
input depends on the radial location of the site of energy deposition. When the energy deposition
of a multiple-site interaction is distributed in radius, the pulse waveform becomes a superposition
of single-site pulses.

Figure Bl shows examples of single-site and multiple-site current pulses observed from a seg-
mented coaxial Ge detector flown in February 1988. At UCB we have calculated the detailed
shape of the current pulse waveform for single-site energy losses typical of single photopeak
absorption events and S -decay radioactivity, and for normal photons, using the distributions of
energy depositions resulting from the Monte Carlo photon propagation program (Roth, Primbsch
and Lin, 1984, attached to this Appendix). Our calculations indicate that for a uniform Ge detec-
tor with near ideal noise characteristics it may be theoretically possible to reject >95% of the
single-site events while retaining >80% of the multiple-site events at ~800 keV energy. With
current available balloon flight pulse waveform analysis electronics we have achieved ~90% singles
rejection with ~70% retention of multiple events at ~800 keV in the laboratory (Smith et al., 1988,
attached to this Appendix). Figure 12 (main proposal) shows that the HIREGS background in the
0.4-2 MeV gamma-ray line region would be reduced by a factor of ~2—4. Since the sensitivity is
proportional to signal/Vbackground, this would give a gain of a factor up to 1.4 in sensitivity.
To place this in perspective, up to twice as many Ge detectors would be required to achieve the
same sensitivity without segmentation and pulse shaping techniques.

A single dua. segment Ge detector with this pulse waveform analysis electronics was flown by
our group in February 1988 on a long duration balloon flight. The detector was enclosed in a Csl
annulus and bottom shield and had a Nal front collimator which defined a 15° FWHM field of
view. The pulse waveform analysis data from that flight provided the first measurements of the
A -decay background at balloon float altitudes. The f~-decay background for HIREGS plotted in
Figure 12 (main proposal) is based on these measurements. A Monte Carlo program was used to
model the shield and Ge detector for the instrument flown in February 1988. The actual observed
flight shield leakage background spectrum was used to normalize the Monte Carlo, and the same
normalization factor applied to a Monte Carlo simulation of the HIREGS shield to provide the
shield leakage background plotted in Figure 12 (main proposal).
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For HIREGS, as in our February 1988 flight instrument, the pulse waveform data will be
brought to the ground for the type of analysis described in Smith et al. (1988). We are presently
developing algorithins for on-board pulse waveform analysis.

Dynamic Range

The division of the Ge detector into two electrically independent segments is crucial for high
spectral resolution measurements of solar flare gamma-ray lines in the presence of intense hard X-
ray fluxes. Long shaping times, pulse pile-up rejection, and baseline restoration are required to
obtain high spectral resolution. These requirements imply that for a pulse to be accurately
analyzed no new pulses can occur within a fixed interval (typically tens of ps) of the original pulse.
Using Poisson statistics for an interval distribution, we have computed the rate of analyzed events
to incoming photors (Figure B2). For the very largest gamma-ray line flares the incoming photon
rate in <0.2 MeV range for a unsegmented Ge detector can be >10° c/sec. At that rate only ~4%
(4 x10% events/sec) of the incoming photons would be analyzed for a 32 us dead interval typical of
normal high resolution Ge electronics. For the exceptionally fast system proposed here, with 4 us
shaping and ~13 s dead interval, ~27% (~2.7 x 10* counts/sec) of the incoming photons would be
analyzed. This is not a serious problem for the low energy <10? keV hard X-rays which dominate
the rate (the true rates are provided by the fast amp with 400 ns shaping time), but is a disastrous
drop in efficiency fcr gamma-ray line observations in the same detector.

In a HIREGS Ge detector the front and rear segment have completely separate electronics.
The rear segment event rate (for any interaction) is less than ~4x10% ¢/s for the largest reported
flare of the last solar cycle. At that rate ~95% of the rear segment events are cleanly analyzed
with high spectral resolution, thus maintaining the large effective area even in large flares. We
have conducted laboratory tests with input rates of up to 2x10° ¢/s in the front segment simul-
taneous with gamma-ray line rates of up to 5x10° ¢/s in the rear segment and verified that there
is no significant dead time, nor any measurable degradation in resolution, for the rear segment.

Note that in the Ge detectors presently being developed with the outer contact divided into
multiple segments || Varnell and Pchl, 1988), the signal from the inner contact is used for all the
high resolution energy measurements while the outside segment signals are only used for identify-
ing the segment. Since the inner contact collects pulses from the entire detector, this type of
multiple-segment detector will have the same throughput rate as an unsegmented detector; that is,
in a large flare only a small fraction of the events will be analyzed.

Bismuth Germanate Shield

The anticoincidence shield plays a particularly important role in a sensitive spectrometer
such as the one proposed here. It must not only reduce the continuum background, which is of
atmospheric and cosmic origin, but also, it must be extremely efficient in rejecting the 511 keV line
produced in the atmosphere. Calculations demonstrate that if the shield is not 99% efficient at
511 keV, the line background at this energy will seriously compromise the performance of the spec-
trometer. Thus we have taken 1% transmission at 511 keV as a shield performance specification.
A comparison of commonly used scintillators (Csl, Nal, and BGO) clearly demonstrates that BGO
is not only the most cost-effective anticoincidence material (i.e., it minimizes the number of dollars
per 511 photon absorbed), but also the most mass- and volume-effective (i.e., it minimizes the
number of grams and cc’s per photon absorbed). For this reason, and also because the laboratories
involved in this collaboration have built a BGO shield for a similar spectrometer for cosmic sources
(the UCSD/UCB/CESR/Saclay balloon gamma-ray spectrometer), we have chosen a BGO shield
for the proposed instrument. The geometry is a 5 ¢m thick well surrounding the cryostat, with a 5
cm thick blocking plate below it (Figure 2, main proposal). Since BGO is not yet readily available
in diameters much larger than three inches, the shield will be built up out of 48 BGO section in 9
housings. This architecture was also used for the cosmic balloon spectrometer, and poses no par- °
ticular problems. The nominal design calls for one photomultiplier to be associated with each
BGO piece (48 PMT’s in all). The PMT currently being used is the Hamamatsu 1847, and the
electronic design used places a high voltage power supply and preamplifier at the base of the tube.
A lower energy threshold of ~50 keV is achieved with this configuration. In the interest of reduced
mass, volume, and complexity, we are studying an alternate possibility, namely attaching one or
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more photodiodes tc: each BGO bar. Large area photodiodes (1 x2 cm) are now available (e.g., the
Hamamatsu 2744) with sensitivity curves optimized for BGO. In addition to the mass reduction
associated with replacing PMTs by photodiodes, there would be a substantial volume reduction,
and low voltage (25 volt) supplies would replace the high voltage needed for PMTs. Tests are
presently underway at UCB to determine whether this is a viable alternative.

We currently envisage the shield construction as a task which will be shared between the
CESR and UCB. CESR would use its current electronic design for the PMT preamps and high
voltage supplies, and its current mechanical design for the BGO and PMT housings. In addition,
the CESR would supply the BGO annulus, and UCB would purchase the BGO rear shield. The
shield GSE would be built at CESR. Assembly and pre-deliver checkout (a labor-intensive task)
would take place in France.

Hard X-ray Measurements

Almost all of the measurements of solar flare hard X-ray and gamma-ray burst continuum
spectra have been made with scintillation detectors. The poor energy resolution of these detectors
inherently limits the steepness of the continuum spectra that can be measured. Furthermore, the
observed spectra must be deconvolved by assuming an a priors spectral shape, convolving it with
the detector response, and comparing the result with the actual observed count rate spectrum. As
pointed out by Fenimore et al. (1982), this procedure can lead to artifacts in the spectra. In addi-
tion, small changes in gain and/or dead layers will strongly affect the results. Finally, nonlineari-
ties and K-edge effects in the middle of the hard X-ray range further complicate the interpretation
of the spectra,

The very high resolution of germanium detectors eliminates the need for any a priori assump-
tions of a spectral shape and allows a simple direct deconvolution of the count rate spectrum to
obtain the incident photon spectrum (see Lin and Schwartz, 1987, in Appendix A). Germanium
detectors are inherently linear and the germanium K-edge is well below the 20 keV threshold. The
gain stability of our previous 4 detector germanium system was such that the data from all four
detectors could be summed over the duration of the entire 1980 flight with less than 1 ch (~0.14
keV) line broadening. The reverse bias germanium detectors used in HIREGS have an extremely
thin ion-implanted outer surface, essentially transparent to >20 keV hard X-rays and gamma-rays.

Analog Electronics

Each Ge detector has independent signal paths for the front and rear segments as indicated
in Figure B3. The analog electronics is essentially the same as used in the UCB/UCSD/CESR
cosmic gamma-ray balloon system. For each signal path (Landis et al., 1970), this includes a
cooled FET, wide bandwidth charge sensitive preamplifier, followed by dual shaping amplifiers. A
slow shaper-amplifier (~4 ps time constant) is used for pulse height analysis, and a fast shaper-
amplifier-discriminator (~400 ns) supplies fast pulses for coincidence, pileup rejection, timing, and
rate accumulations. (The two amps are not shown separately in Figure B3.) The pile-up rejection
system, together with a gated baseline restorer, allows operation at incoming photon rates up to
>3 %10% s™! per detector without resolution degradation.

The shaped pulses go to a Pulse Height Analyzer (PHA). For energies below 2.5 MeV, the
12-bit PHA analyzes events directly with ~0.6 keV per channel resolution. For energies in the
range of 2.5 to 16.3 MeV, a gain change discriminator causes the shaper-amplifier gain to be
reduced by a factor of 6.5 before passing the event to the 12-bit PHA, resulting in ~4 keV per
channel resolution. The gain status is latched in the PHA as a 13th bit. Three additional coin-
cidence status bits (front-rear coinc, det-det coinc, and det-shield coinc) are provided to each PHA
to be latched at the time of the event trigger.

For energies above 16.3 MeV, an Upper Level (UL) discriminator inhibits the 12-bit PHA and
triggers a separate 6-bit flash PHA. This PHA covers the energy range of 16.3 MeV to approxi-
mately 250 MeV. The Csl collimator and BGO rear shield also have 6-bit flash PHAs to cover the
=0.3 MeV to >250 MeV energy range.
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Current Pulse Waveform Electronics

A third signal path from each detector consists of a high-speed current preamp, a fast
amplifier, a flash converter, a fast memory, and the necessary support logic (Figure B3). The
current preamplifier is connected to the outer surface of the detector through the high voltage filter
network. Its output signal is the current waveform that results from the charge collection process
in the detector, which typically takes ~200—300 ns. A fast amplifier provides gain and buffering of
the signal to drive the input of a 9-bit flash converter operating at 100 Msamples/sec thus provid-
ing 10 ns samples of the waveform. The digitized samples are stored in a high speed memory
operating as a circular buffer. This process operates continuously until an event trigger to the rear
segment PHA stops the storage process. Since the event trigger occurs 4 pus after the event (due to
the shaper-amplifier peaking time of 4 us) the circular buffer must be sized to approximately 4.1 us
in length (i.e., 410 samples) to provide some pre-event background. At the arrival of the stop
pulse, the memory address logic then points to the locations in memory where an event of 4.1 us
earlier is stored. Consequently, the 64 ten-nanosecond waveform samples can be read out of the
memory merely by incrementing the address with each data request. A final reset pulse to the
PHAs and the waveform logic restarts the 100 Mhz digitization and storage into the circular buffer.
The current pulse waveform data for 0.4—2 MeV events are stored by the data system and
analyzed on the ground.

Data System

Because the experiment is designed to see bursts of information arriving at potentially very
high rates, each channel uses a dedicated microprocessor to guarantee no loss of data. As shown in
Figure B4, the pulse heights for each segment and the rear segment waveform shape data would be
analyzed by its owr. microprocessor which would add timing to ~1 ms, detector identification and
coincidence informartion for a photon event total of 4 bytes (32 bits) and a waveform event total of
76 bytes. There is a separate interface to count the events detected by the collimator and shield,
as well as to provide master clock timing information to each of these processors.

In the 0.4~2 MeV energy range, for rates up to several times quiet background, waveform
events from the rear segment are sent to the main processor which stores them on VCR tape.
From background up to flares with total rates of ~5 x 10! analyzed events/sec, every photon event
is stored. For larger flares (which occur on average only about once every ten days) all analyzed
photon events with energy above 0.4 MeV (i.e., in the gamma-ray line region) are stored. All low
energy (<0.4 MeV) photon events are accumulated into 256 ch pulse height spectra which are then
stored; the time resolution for these spectra increases with event rates. In addition, a fraction of
the low energy photon events are stored, up to a maximum VCR storage input rate of 256
kbytes/s. The true counting rates for all Ge detectors obtained from the fast amplifiers (0.4 psec
shaping time), as well as shield count rates and dead times, are stored as well.

The main processor collects the data from each of the channel processors and is responsible
for storage to the VCR tape system as well as for telemetry to the ground when desirable. This
computer, with its large buffer memory to provide temporary data storage, is very similar to what
has already been flown. As in our previous long duration balloon flights (LDBF), two telemetry
modes are planned: (1) directly to ground station via line-of-sight telemetry, and (2) via the
INMARSAT geosynchronous satellites when outside of line-of-sight to ground station. Our group
has already developed a balloon-borne two-way link using a pointed 1 meter dish capable of ~1200
baud transmission through INMARSAT. The main microprocessor would select, format, and store
the data for INMARSAT transmission.

The VCR tape storage units are also similar to what has been used in previous flights, but
here two units are needed to provide redundancy and the necessary storage capacity for up to 30-
day flights.

The other functions the main processor performs such as command, navigation, pointing and -
housekeeping are also similar to those of our recent LDBF flights and those developments could be
directly applied to tkis experiment.



"wRss eITp SO 241 Jo weadep yooyg ‘pg 4nBig

SIINOALI3TI WLIDIA 40 WYIOVIAd Mo07g

SY3INNDI I3IHS

[
T

31A89 €2 3LA89 €2 AJL3INIT3L
39vd01S 39v301S (UNY L
3dvil 1dvl J3LIvWy04
49V01S
NV
AUSSII0dd
NIVI
NOILNGIYLSIa ONI43IINISNCH
Ny ANV
JIVISIINI ONYWWOD SN1VLS viOanoo
VIV v (D

, 13IHS
ONV AOLMITIOY b
NI012 Y3LSYM
ONIHIL
SISATYNY N
A ONIMYHSANYH
VIVE AJYNIWITINd 24VHS. HADJIAUA
30SS3I0¥d W0 V1Y YHd INDYJ
] VLY JINICIINIOD




d xipuaddy

alvy Jejos 10 yoreas o) paudisap ‘(6861 ‘v 19 ®S0)| 295 ‘AJISIBATUN AAIISIY WINSIMN
sty woyj) projded q| QOTI~ u® YIlMm UOOj[Eq '3 DIQRd UOlIW ST T E8GT U]
'sjuawtiadxa 9oeds 10) s12A1Ip 9502 tofew aue asay], ‘suoljesydads
payienb-soeds o3 pauBisap aq jou pasu syudwiadxa uoofeq ‘Y1 Yoea 19)e
snedar 10) Anjiqeded ay) pue JUSWUONATI Youne[ uSuaq IOU YIOW 3Y} JO ISNBIIY
*91qJO Ul JUIWUOIIAUS sS3[3YTIam 313 JO asneIsq 9Jeld
-3ords 10] paiinbal a1e $13]000 [EdlUBYOIW 10 UdF0L10-pijos xa[dwiod pue aAlsuadxa ynq
UOIBIUSWINIJSUI 2UL0q-UOO|[Bq 10§ Fuljood a1ualoLi1o apiaoid oy desyop pue sjduris st 9] e
"21q191[8au a1 $D1U0I1I9[d Y3 O} IFTWEpP UOIJBIPEI PUE 10393}3P ) JO UOIJBAIIDE jRId
-9eds u1qIo mof 0] UBY) SIPNII)[E UOO|{eq 1B 9I9ASS SSI[ YONUI ST JUSUIUOIIAUI UOIE
-tpel apo1ed o13e810us ay) souig rejdunis Je) st sisfjeue viep pue 1a1ealld L[jueoyiudis
st £q1A1yisuas sA109ha Yy ‘snyJ, 'jiqio 3y) ySnoiyy ALjeoryseip safueyd yorym
‘1je10a0eds apnyiye mo| 1oj punoidyoeq ayy ajiun ‘sjqels K13a pue mo| L[Je[nonred
S1 sapnjlije uoojeq je sjuswainsesw Ael-ewwed pue fvi-X pley 10j punoidyoeq ayJ, e
"saIely ad1e] Ul UOIIBIA[IDDE pake[op
Jo s103ja a3y} aalasqo o) pue ‘299 ‘suolynau ‘uonjejiyiuue uoijisod wolj SsuolsSIUII
pafejap ay3 urejqo oy jueyrodwi st sseyd sasindut ayy 139J8 s QOO 9S€3] 1€ Furpnpout
alef aJtjud ue y3noiy) 3Belsro) ‘pessiw agq ues alel a8ie| ® jo aseyd Ledrsp 10 piejs
341 NS 104 11qJO {oea mopeys {)Iea SIINUIW (Qp~ YIim JIqI0 3INUIWI-GG~ UB IARY
yotym ‘(NS se yons) jjeroaseds Jujiqio-yjrea apnjye-mo| [eard£y yim paredurod se
‘Aep yoes paure1qo aIe SUOIIBAIISqO IpNNY{R Y31y SnONUIUOD Jo sinoy G T A[[el1juassy e
‘saj8ue yjiuaz
-uns a81e[ 1 y3noyjfe ‘uns ayj jo 98esdrod Lep/inoy pg aptaoid pnos sjod yinos
woly S Q] 'SUOIIRAIISqO 1e|os Jof afqenns Apenonged sy NOOOVY Suijew
‘sw1yyBtu Juunp sdoip 4nq sinoy 3ySiuns Suunp apnye Y3y 9B SI uoo[|Eq AYJ, @
218 S JHdT NOODVY JO sdljstiajoeleyd urew ay,
‘punoj aq ued s3jIs A19A0331 pue
youne| arenbape paptaoid ‘sapnjiye| [eliojenbs e punoi-reaf s[qissod osje are s JgAqT
lowwins draydstway uldylrou 3y) ul suoneinp Lep Q-G I1ago ued ‘I2AIMOYy ‘BUIYD
0} 'S’ Yy woly s1y3iy sywed-suri], ‘suoseas [eonyijod loj ‘areydsiwey ursynos ayjy
ut fjuo aqissod are s1ySiy plrom-ayy-punore ‘quasaid 3y -a[qisesd; are syySiy [eqojdwno
-11> o8 ‘saut] [eutpnitre| Suoje A[prewxordde L9103 YS1y 1M Mmop spuim [euoz 3[qels
8uo13s ‘sapnjIB[-plUL Je UOSEIs JaWuIns Yjuow-231y) ay) Sunng -aqo[d ay) BurpeSiaeu
-wna1d £q apnjiyfe jeoy 9e sLep g—ZI aplaoxd ued apow NOODVY Y3 ul s Jdd
“(sdo1p jse|[eq £q j95j0 2q UED Yorym) sassof sed pue awiyaji uoojjeq £q A[uo pajl
-uny are suonyeinp 143y ‘(z861 ‘A1ey) spow (NOOOVY) NOUOIEq PA|{01IUTT uoleipvy

s wrr fremsew codacen Ao ARATIRI L SNITAPATIITAN IMTIEEATY TATVIIR mrtAtn T AvAa Ate@yer

IS Siy} U US{, 'SUCHpP IST{{T{ IROYILM SUOHIPUCS [TULIOU ISPUR SUSISINSRT fyIiu
-fep sy ut asnedodoly ay) aAoqe ulewal [{Im 9t apnjly[e jeoy awnkep ySiy e sayoeas
A|rentut woof(eq ay3 J1 -dunyiy3tu Juunp sdoip ynq sinoy ySiuns Juunp apnyge ySiy
1% S1 UOO|[Eq 3Y) SNYJ, "YiIeF 3Y) puT URG aY) UIOI] PIAIRIAI UOIjeIpel 3y} £q paj[o1ju0d
s1 ‘apn)1ye voo[[eq aY) a10j313y} pue ‘sed ay) Jo ainjeiadway 3y suoo[eq ainssard-o1oz
plepueis 1o -a[qissod are A9} G~ 0} Umop sjusweInseaw fel-ewwed pue fel-yY
piey £ytenb y3iy os ‘asaydsowye Suifjsaao jo Eo\w £ ueY) S89[ SI 243Y) IPNIIE JRY) Y
(wy OF) 1J 000'0LT~ Jo sapniiyje 03 suooj[eq : ‘NO uoljjiwl '8y piepuels juasard ayy £q
patirea aq ued ‘4y3ram peo[fed [e10) sq| 0gog~ 01 dn ‘sjuswinijsur [njromod ‘0fi1er]
‘SJUdUINIISUL 3uI0q-uco[eq £q apew 9q ued
‘SUOIJBAIISqO Paseq-punoil jo 19A02 pnojd pue §103fe Juleas Yy JO 291) 'SIUIWAINSEIW
[zo13do wonnjosal-y3iy ‘votytppe U] ‘S, AT JO YOI UIY}M MOU 3JB §IB[ UOIJN3U IO

“TVIINIT'd A 123%

“Kuodwo Surysnand 1932y ' €q LR61 O
"SEE-CEE (L861) €11 $15Ky g apjorg

"0zL6 VO Kalaj1ag ‘elutoje) jo fisnaaiup ‘K10reI1n =] s20uadg avedS 1e Ajjuasal] ,
Juawnseda(q sa1sAJ oSy 4

fe1-ewuresd afie] ysges o} pajsinbas spourad Butatasqo Buo| 3y} ‘alounayyinf ‘suolssIW
ale}j 8s3Yj Jo suoijealdssqo Kjifenb jua[aoxa Juluie}qo 10§ sueaw e aptaoid ued suoojjeq
apminyje ysiy ‘sraydsownte s,yided 3y jo siafe} 1addn ayy 3jei1auad 03 s|qe aie sUOIIRIU
pue suojoyd o1of1oua asnedsq UINWIXEW IE[OS IX3U 3Y) JuuNp SjudwaInseaw ISAY)
urejqo 07 fem aandeIje ue Jago (J4ddT) siySiy uoofjeq uoleinp Suo  ‘suoISSIW ISIY)
£q suop aq ‘1aaamoy “you [[m a3ues Lel-yY piey pue Aei-ewwed 3y} Ul SUOIIEAIISQO
SuiSew! puoossore pue fdodsonpoads mau [eroniy (OUD) LiojealssqD Aey-ewwen
37 £q apeW 3q OS[® [[IM §IUIWAINSEIW IRy IB[OS JWOG [HH[ Ul payoune| agq o3 'peo]
-fed ayy Jo yred se adosss|a) Lei-X 3jos ® ut woipedonied ‘g UM ‘saipnis asey Jejos
0} pareatpap 'y Iejog ')jesoaseds asaueder [jews e 10§ [[ed sueld jussarg (g8GI ‘P 12
u130p)) pleoqe juswnisul Kel-X arep Ie[os € aAey [[Im ‘0661 Ul payoune| aq 03 ‘uoissiut
(rejod tejog A(1swi0f) sessA[) VSYN/VSH 9Y] "WARWIXeW JE[OS 3XaU 3y} 10j payount|
aq ued salpnys alep Jeos Joj qjendoeds ygyN Lue qeyy Apyyun £ydry sieadde
‘wesBoid sa10[dX] 9y Ul YIIUI[II0Q JUALIND 21} puT Iajsesip IdZud[[eyD 3y} jo asnedag

NOILONAOULINI '1

"saIpnys 3lef Je[os 10§ s, 4dAT Jo [erruatod ayj sayesisnqp 1y3iy
[nJssodons siqy, -jjeroaeds SODUV pue SFOD 40 siatwisuely pue ‘a3eiols adey YOA
Yam wajshs e1ep Paj[oIju0d Jossavordorotu & ‘siosuas uolpediaeu pue 3uijutod ‘tamod
10j s|[ad Jejos sapn{dul peo[fed ay[, °[izeig Ul UMOPIND 3I0J3q SUOHIBALISGO JO skep
g1 poptaoad yorym (4gam) 143ty (NOOOVY) NOOIEq Po[[oduTD UOHEIPYH uotjesnp
Suo[ ® uo elfelISNY WOI| LRET AIBRIQI, Ul UMOY 213M £I0}00}ap 359U, 'SIUIWAINSTIW
(A2 009—S1~) £e1-X piey Je[os 10] paaaryoe 1aaa (A2Y £'05) uolinjosa £81aus pue (gwo
00S~) £3tAlyisuas 9say31y ayy apiaord £1030999p uonE|UPS yowmsoyd eare aBie| Yum
19432307 51079939p winfurwIel pajood-usforgiu pinbi| jo fene uy ‘saley [Rwou pue
salefordiwl fel-X piey ul ‘euolod aAljoe ayj Jo Juijeay pue ‘uones]ddoe ajortued ‘asea]al
£313u3 Jo sassasord ayy £pnjs 0y pauBisep peojled uoo[{eq ® 2qUISIP A\ ‘LOVUISAV

asnoINoOI ‘NSAN
ZAITUNH M

‘0831(] ueg ‘vlusojije) Jo L)IsiaAtu() ‘SSVO
YITIMLING 4 ‘ONITIEd ‘WY

0%Lk6 VO 'Lajoxteg ‘erulojien jo Lusiaaun ‘L1ojeioqe sadUd10g Joudg
HLLINS 'Wd “THVQIATT MM ‘ATAUVH ¥ d 'HOSTATUd "H'f 'SILUND M NITdY

NNS JHL 4O SNOILVAYASHO AVU-VINAYD
ANV AVUX QUVH 404 AVOTAVd NOOTTVE NOILVINA-ONOT V



'61032373p wntueurial £yand-ySry sazynn JUSUIRNEUL 14T SV ‘M3A JO P[ay [ed1319A Ieapo
® Joj surey) ayy jo pus 1ay30 ayy 92 pajunowr 81 A|qUIasSE 1019972p winfuewiag 3], ‘suon
-52J1p Sunutod jre 10§ reapd st Mata JO PI2Y 343 92yy yons uoneoo] = 4e sured) Jauur ayy
JO pUua 3uo 3® pajunour st A|quussse 1039233p Jo3e[(1iutos pajutod pue pajeunjjod ayg,
‘syuauod
~lod a3 Jo {[e spjoy yorym s1njanis swres) 1suut 3y y10ddns 09 weojosfys ayy Y3nou1yy
PuAxa s1voeds Buneinsur fjrewsayy, SITBYINS [[B uo rejdwr paziutwinfe yjm pajeos
SSIUAANYY [lem YOUl-p Jo XOQ wWeojoifys ® §1 owely stqy utqapy (1 ainBryg) ysry 35 ¢4
£q 3pm 13 ¢ £q Buof 9 ¢ £[31ewixordde ainjonns e s BlopuoS sy} jo aweay 13gno Yy,

VTOUNOD ‘¢

/8119)] 952
s/s1q) 8
8/s31q 09

:3rea yoeq-Aeid adey gip
37RI BIEp 3WN-[eal 1A
el e1ep IHYMYIII

/LVSOALAN/STOD
SIU3A3 b1 L1342 Bv) swiny puosasyjiur | :£rendoe Burwy quaay
{s3u9A3 0pO'000'E 01
s1qepuedi £{ises) syuaa2 gog'ggy @218 Arouraur faynq sdeg,
18Inq s/5U9A3 000'00F
snonunuod §/5yuaA (1Nq-91) oo’ :ered BJEp WhUITXepy
‘PeayIaao ded yoojq eiep [eurwou
sapapus sty (YO Jo paeds piodas
Pa1291es uo Jutpuadap) syuaas 3iq-g91
U 0023 —0LE = $31qed) 81-9  :adeq wo dwn[oA eyep reso],
wsfg Lnjawapy pue wyeq

sunjuiod 5o pue Juriutod ans o)
10} £oeinooe IS Ym wajsAs pruEeqry  Sunuiog
".I~ 01 £ep fasuo pieoq uo paujursap
{epn118uof apninie[) uonesol uoojjeqg  :wasfs uoreSiaey
£oeinse 15 apraoid oy
SRPWoRLIeu pue HYdRI} uns sldung  washs padsy
wNelg uopyeBiavpN pue Sunyuiog

(Aep/Y ]
snonunuos s1yem g Suipraoad
RuNEq prE-ped| pus s[j3s Jejog
wAsg I9mog

S®{2q 5q[ 006 + Sq1 001z 94Siapm
Y3ty ey X9 gxaj g ezig
RIODUON,

AMRYILA[od 3nssaId 083z
" o wotr yrgg
uoojjeg

SPYes SODYV A9 WY 0015 9 -Junpely,

W31 g0'01T ‘Swnkep M 000081  pmingy
Blensny ‘s3undg
N[y 1% L1340%31 pue Youne|

PPRINE] £2-~ 18 Y1y [eqoBuinony  yyey
s4ep 0g-G1  :uoneing
s3a138139%0%1wys) Jysy) 4
saiiquden yfiy uoo[|eq uoijevanp m:oﬂ 1919V

“IVIANTTd o 9ee

"8u11507 JOj pIT0q-UO OS[E SI £1012272p dduTIpLLN J€103 1v]0s MmdU Jo o5 v
' ‘peotfed ayy jo £13a0321 pue umop
-1n2 uodn alquiiea® aie osjv pue ‘ays youne| sy 0} suinjal uooj(eq a1 wagm Yur i
£q punoid ay) 03 uoissiwsu®l) [BNYUBA3 lof waishs adey YDA pieoq-uo ayy £q paoys
ale uojoyd pajoajap A1aad 10§ wIEP By ||y SUONIE}S punoisd o1 (s3on) 1yrada0uds snou
-o1youfso0a3d eia sdq gg~ 1% jnopeas iof viep Isinq aaisinduit saio3s jeniuasajasd pus
say1yudpl 61583117 3sinq Jo uonRUIqWIOd ¥ yormsoyd 341 Jo ased ayy ut adeys asind o)
pue (SIOYe({1IuUIds aY) Joj S]ouUBYD g pue §1032233p wintuewlald ayj Io] spuueyd 9601)
14319y 3snd 10§ pazd[eur st surayshs 1010333p om3 asay) £q patdajap uojroyd RSEYY |
‘s[auueyo 31es A3y
0S-0f PU® A3 0£-07 punoidyoeq mo| £1aa apiaoid 01 pasn st £11n211> woneuIUILIdSIP
adeys asind pieoq-uQ ‘fresnoge [~ 01 wasds Sunyuiod Yynwize-ye ue £q pajyutod pue
MIIA JO PIPY WHMA ST~ 0) PAIewWl[[0d aIe §1019319p 3say ], A%} 00€ pu® g~ udIM1Iq
sfel-Y piey Jo sjuaurarnseawr £y1anisuss Yy 10) apraoid .C:\.a_ LT uosay)
WP 003~ auo pue ,ud gog 3uo ‘siofe[[iyulds yarmsoyd IsD wuw gg/reN wur g om .

: ‘WHMJ ,0€~ JO ma14 Jo pjay & yum dn 143tens quiod si0)
~9313p 3y ], ‘sfep g X jo awrnyagy 3unjoos & sapraocsd TBMap 1331 091 ¥V (I8GI “J0 12 ury)
A2 009 03 g1~ woyj sfel-ewwes pue sfes-X prey jo sjuswainseaw (NI A2 £05)
uolnjosas jea30ads ySiy sapraold fam Jduaproutodnjue feN/[s) ® £q papunosins pue ua3
-o1tu ptubiy £q pajood £1039932p wniveursad Teueld yo1y3 wo g1 1noj jo Aeise W2 08 ¥

$Y0LOALAA T

‘aduel ‘asno[no], 'syuswiauuc
-Aey sap afenjedg 2PNIY.p 31143 Yy pue ‘08a(y ueg —IwIoji[e) Jo AjisiaAtupy Yy ‘1o
“€10qe] £3[aytag oudime] ay {alm uonyeioqefjod ut ‘Aejayreg ‘ertutope) Jo £yis1aa1up)
‘A101810qe] sa0URIOG aedg ayy 4q paiealiqey pue padoppasp sem peojfed SIq],
"Peojfed aq3 jo arpewayas ¢ smoys [ a3ty saiyijiqedes peojied ayy
sezlBUIWNS | 9|qe], 933 ‘suiajsds Anjsusdq pue ejep ‘wayshs uonyediaeu pue Junjurod
Yy 'wayshs zamod ayy ‘wragsfs SEl[eq pue ejopuo3 uooljeq ay3 ‘s1032339p a3 aqiosap
oM Mmopg sepmine awySiu semo| 9e Lep/sinoy o1 pue ‘4eoy apminje awnfep
JEUIWIOU 1 SUOIYRAIASqO JRjOS-UCU jO Lep/sinoy g~ pue SUONIBEALISqO Je[Os jo Lep/sinoy
8% y3m. uonesado Lep/simoy pg SNONUIUOd pajewolne 10§ pausisap sem peojfed 1ejos
Y1 5131y uoesnp-yioys [eulIou Joj pado[aaap suoojjeq ainsseid-o1az ‘audjhy1afjod
lw 8'0 “9J 21qno uolim PRy ‘prepuess ayy £q parrsed siam speojfed 3sayy yjog ‘uns
M WOI} S21BY DU SIITUOIIW [0 SUOIIRAIISQO 0] 'Kytanisuas y3iy Joj $10132212p uonje|
1us yormsoyd ease-a81e| pue uolynjosal fed303ds Y31y 10§ s1030990p WwnuewWIas pajooa
uafonu-pinbiy yyoq Buipnpur ‘s1090939p Les-ewwes pue fes-X preq jo juswajdutos e
patiIed ‘aaay [ieap w Paquosop ‘peojfed sayjo ayg, '$31pnIs LeL (wsod 10) suoisjnuia Jo
{oe3s aatssed © sem (Lysiaatup 3I¥3S BURISINOT wolf) wayy jo auQy “eijesisny ‘s3unidg
MY woyy payoune] aiam syySiy Uoo[[®q NOOOVYU £10jerojdxa omi ‘sg6] uj
"Ue32Q uvipuj 3y) ojut pajnyouiud
sem peo[fed ayy pue Pa1a33uy sem umopino onjewojne Yy shep gz 191}y efesisny
jsed panuijuod uoojreq 3Y) pue ‘13a9moy ‘pauoniounjjew uoojIeq ayy wosy peojhed ayy
JO UMOPIND purwWWwod punois 4], 'shep g1~ ui araydsiuray w3y nos ayy ut aqol3 aypy
Jo uonediazuwnoo pewt pue ‘ejensny ‘sBundg NNy wolj payoune| sem ‘suosjnau

[31% SNOILYANTSUO A VY- VIWNYOD aNY AVE X QUVH 404 AQVOTAVI NOO' TIVY



Uonedo| uoojjeq 2y3 SJEWIIS? 19ndwod Y], [OI1U0I JojBUN|[0d Y} 0} pue Jajndwod
[017U02 3y3 03 pajnos aie s1osuas uoneSiaru pue unopeid ayy wolj synopeat ayg,
'X2[37 BIA JHSN O} JUIS pue
suoljess 3uryoel) 0} papEO[UMOP §I UolRULIOJUT SIY], “feusis 1atued AY) Jo 1ys sepddo(y
£q uotysod soururiayap ayipares Suissed v ejep Sutdeayasnoy pue apnitjpe Sururejuod
€Jep Jo isinq ® sytwsuely L[(eatpotsad ‘JgsSN £q patjddns ‘1a1iwsuesy somod MOl Y wd)
-s4s SODYUV 3Y1 £q papiroid aie punosd ayy uo asn Ioj eyep uonediaru [BUOHIPPY
apny
-13%] SaUTULIAIAD MATA JO P[3Y Y3 Ul wiiy (8103 3Y) AiYm apnuo| SIUIUWLIIAP (UOOU [E20|
“'a'1) sawny om3 ay3 jo afesaAe aY) ‘AJI00[IA 10) PaIdILI0d UIYM SMO[[O] St Pasn ale JOSUIS
SI41 JO M3IA Jo p[ay 3Y) Ul 39suns pue asuuns jo awiy asietd sy ], “ejopuol ayy jo spny
-13uo| pue apmytye| ay) FuIWIAIAP 01 193nduod Yy Ul AIBMIJOS UOIFESIATY ayy £q pazin
ale Yoop uoisward y3iy e pue s[Sue Juruado 1a81e[ ® Yum losuass [euonippe uy
“uozuioy 9y} 09 syutod oadaes
3y3 1y3tu je pue dn jySresss sjutod oAles uonyeasje 3N} g8 UAY) 13y81y st uns sy} wayp
9|3ue 1jeys uoljEA3[d Y3 JNO SpEAl Ijdwolulod B PUET UOIYEAI|3 UL UNS ) Yoen
01 10SUss 3y} SIqEUI WAISAS 0Alas ¥ uniojre|d 9y UO pajunOW SI UINY Ul YOIYM 10Y
-OwIedd € JO jJeys 3Y) UO PIIUNOW §] J0SUIS UOIEAI[S UY ‘Idjauonpuajod e pue Iapoous
WBYS ® M 3no peas st gopuod 3g) 0y aanejer unopeld ayy jo s[Sue yjnunze ay[
"Y110u d1yaudews o) quiod oy parejol st wopreid oyl ‘yySiu 1e o .08 UeY} 1aydiy soSue
uns o4 -pauajaid st 3unpuiod drjpuSew 210j310Y) pur F[QENPIUN S IOSULS Yanunze
°Y) so[Jue UOIIBAS[d Yons Jy 'PEAYIIAO JO .8 UIYHM SI uRS Iy Uaym [011U00 wiiof
-1e[d ay3 s[eudts tosuss siy], ‘premdn A|eo1194 pajuiod e[opuod ayj jo doj uo pajunow
st aj8ue Jutuedo 91 e yym Josuss [eonydo uy - g8 09 @ Jo se[3ue uolieAs|d IjOS O]
qanwize uf uns ayy yors 03 urojreld ayy sa7eI01 WAISAS OAas Y (g 24nSiy 99s) ejopuod
3y} sA0qe pajunow sl s1jWOolUIRU pue 5105UdS [eando [e1aaes yjim paddinbe unoj
-re[d [[ews ® ‘30ualafal UOLIIP 10 ‘UOO[[Eq Y} Y[IIM S2)I0I e[opuod ay) jo 9591 By,
"pajutod f[aar3oe ate [guorjoaap Ajydiy aie jeyy £1070333p 3so0y) A[uo ‘1amod aalasuod o],

waysdg Jupyoel], pus ‘vonyeSiaeN ‘Suguiog g'e

‘A[snonuIjuod s)rem
06 Apreunxordde aurnsuocd swdysAs oates pue juawladxa 3y, -weysks [013U0D apRYIY[E
Y1 pue siawsURI) SOHYV Pue SHOD 243 se yons swajshs jroddns JgsN 2y £q pasn
S1 }9®18 1[0A-ZT 3Y) 3[tqm Jomod oalas pue juswradxa [[B J0j pasn st YOEIS 9jOA-8G AL
1o[rered ut s[[ed 1y-dwe gg Jjo yoea sJuri)s oMy JO |SISUOD SR Y, “ISE[[Rq [RULLAY)
Juryeay 1oy paen o samod seaoxa any  cseuaneq au1 3uiSewep pue SuiBieyoisao ploae
01 Iapio ut a31vyd [[N) YoBII S3113938q Y3 €8 sFULIYS [[90 Je[OS 3AISSIIONS FUI3OIUUOISIP
£q sarerado 1ore(nBas o81eyd ayJ, ‘IYBYuns [{n) 9B JuslIn0 jo sazadwre g Suif{ddns Sumns
Yora Yim §1j0A gT Jo sBulns £ pus sjjoA g'2¢ Jo sSullys £ se palim aue s||30 Iejos 9y
"youne| 12je A|arelpawuwl puewuIod olpel Aq Waisks I[qEd pUR YOUIM B YjIm Palamo]
pue youne] Juunp spremdn paSury ase sppued siqejoenss ayy, ‘sppued ‘9 g1 Lq "1
¢/1-¢ 3|qe1oe1ya1 omy pue sppued 1) ¢ £q ) b PIXY Om3 Jo SISISUOD eaIe [aued JIejos ay],
‘(g 2anB1y] 99s) sar1agreq (93 pioe-pes| JOo YIBIS $[OA-GI B pue yoels 3joA-8g © ‘109e[naus
agreyd A1a39eq e 'spoued refos jo ") "bs 191 Lprewnxordde jo sysisuod wayshs ramod ETIRA

w3shg 19moJ 'g'e

“IVIINITd A :129

‘(JISN) Anpioe g uoojjeg ay1iualdg [euonieN 243 £q paptaord sea “yuawdinba
3usuas apnin(e Aq paj(o1Iuod ‘wshs aseI[I! IST[[Tq PIJBWOINE UY IUIRI) I21nO )
woij ejopuod ayy mojaq papuadsns st saddoy se[jeq 24, "youne| e IST|Tq JO Sq| UG
jeuonippe ue £q paiuedulodoe sem jnyoesed Yim e[Opuol qi OOIZ 241 ‘SUOHIIPUOD pnopd
wiosIapuny) pjod APpwaiixs jsuieds ainsut oy pur ‘9ydiy ayy Joj apninfe uiejurewl of,

wasLg Ise|ing] "1 ¢

"A1eSSa09U JI 193EM 3Y) JRaYIL 0} pasn si Jamod
foued Jtjos ss90x3 ‘Aep ayy Juning 'so1UOI103[d Yy 1oJ ainjeradural awnydiu wrunUIW
a1qeidodde ue upejuisw 09 1 I5E[|Eq JajeM ay) Jo ssodind Arewnd ayy, ‘ejopuo8 syj uo
pasn s133jiwisuey snolrea ay) pue srayidwe oa1ss Yy se Yons sytun Sunedissip yeay o
loj Suryuis yeay aplaoid sweiy Jauui ayy Jo sapts Juof ayy uo spaued pajsieq-1ajEm OM ],
‘dWely I9UUL 3Y) JO 100 3Y) UO pajunoul ale salIdneq 3y) pue ‘ssjnpow j1oddns jusw
-0I3sul snoweA ayj ‘Jagndwod 3y, ‘eduT|Eq [[E13A0 3Y] UO 1II[3 ou sey adesn uaBorjtu
3Y) slaym ®jopuo3d ayj Jo 123u30 3Y) Wl pajunow S 1emap uadomiu pinby 13y g9 ®

‘peojAed Jo mara aanjoadsiad pue anjewaygdg f arndiy

M3IA 3A1S°YI0ANDD

— SINOY1I3T3

KHS
- FENG=ros)
Avugy 29~ FV/ |

Sanours3 @’ ¥ = —2iion
— ATV
- HwSOHd
YOSN3S
QV3HY3IAD NNS
NOILYHNOLINOD LHOITS '¥I0GNO9
Y3ddON LSV TIvE
_\— WYOJOMALS b
-~
L\ SN ¥V 0§
| T
|
E3L3A40L3VCYW nWHOsLY

NOLYOIrgN / BY 0S

LEE SNOLLYA¥3SHO AVY VININVD ANV AVY-X Q¥VH 404 AVOTAVd NOOTIVY



-u0d jdnusajut ‘frowdut 's3noId j019u0d §0q SOWD YIM 13130807 ‘tossaooirdorotul SOND
98008 SliIe}] ® surejuod /D98 2y, “HUN [01u0d ay) se Indwod preoq aSuts go/H98
U® yiim ‘uoiyesndyuod snGuinw  Uo paseq sl wajsAs vIep aY) 'suUosedl 95ay) 10 '3|qe
-11sap s 123ndwod pieoq a[3uts [erosewmwiod Busixe Ue Jo 9sn 3y} ‘suoseas Areja8pnq 104
"A|qeJapisuod umop p[ay 8y} mouJeu syuawalnbal 953y Jayta80], "udisap SOWD B 939
-OIp SUOLJBIAPISUCD 19MOJ '§10853004dOIDIW 919 G[ JaM2U 93 JO 3UO Jo asn aYj ajedrpul
Ile peoj utssacord Laeay fjire) & pue ‘soeds Futssarppe Lrowew afie] ¢ 10) juswaIinbal
aY3 ‘(31q g1) spiom juaA3 oYy Jo ozis o], ‘iossadcidoldiw PIEOQ-UO UE JO asn a9 s7s98
-3ns fjajeipauwrun wagsAs vyep ayy £q pasinbai sysey xapdwos jo £yourea apim ayg,
‘(1oss24 a1nssaid ® ut st yo1gm ‘1aprooas adey sy
1d2oxa) apnine Y31y 1e 9jesado isnw 9nq ‘aInjesadulay WOOI 1€IU B paulejurew SI W)
-sAs eyep Y], -a1qissod uaym 3uiyonims Jomod pue sadiaep tamod Mol Jo asn a1} sarnbai
SIQ], -19plooar adey e pue feire frowaw 38ue[ ® sapnpur Yorym ‘(syyem of jnoqe)
193pnq Jamod pajiun ® sey wajshs erep oY) ‘1y3iy oYy Jo uoneinp Buol ayy 0y anQ

10SS3201] [eNU3) 'I'p

6314qedsw Jo spaipuny oy ul st awn[oa eyep pajoadxa oY) ‘3ydy
3 Jo yi8us| ayy uo Sutpuadag -yyBiy 2y) jo uonEINp ayj 13A0 parei3ajur ‘(puooas
Jad 51U Jo suay) a9 punoiyoeq Y jo Ajureus sISISUOD IWIN[OA ®jep €10} pajdadxa
YL, ‘suonoanp Sunjuiod pue sarnjeraduia) se yons ‘uopeuLIOjUl Butdaayssnoy pue ‘sajed
snotrea apnpout Ajjestpotiad papiodal aq jsnw Jryy uoneuriofuy Jndut DY) ‘SIUIAD Mmaj
£13A3 ®1Ep 9y 03 papuadde aq jsnw sFey-owiy ‘uolppe uj ‘uoljelLIOjUl TOIYRIYIJUAPL
1090279p Y3M 13419301 JUAI YIBS PI10dal ISRUI WIISAS BIRp 9Y], ‘UOlJRULIOJM adeys
aspnd pue 1y31ey asind jo s3iq GI-O1 JO ISISUOD S3UIAT puodas 1ad squana Jo spuesnoyy
Jo sua) 03 sudy wioy ‘s[qelrea A[YSiy s s1030999p 3Y) woyy s ndur.ayy
"wa3sAs BIEp aY) Jo wresBeIp }00|q B SMOYS ¢ 21nB(y ‘swWeal)s £139WI[R) SNOLIEA a1 o)
S301N0S 5533 WOL] vITp SPPE pUT ‘5101093ap reyixne pue eiep Surdaayasnoy snourea ayy
SI1071UOUI IS3POWI UOIII[[OD BJEP 2Y) [OI3UOI O] Pasn e yorym ‘s1o8811 9sinq 9jeIdual
07 83121 1030532p s1031UOUI 195d1]99 tejos ® WIOI) PauieIqo UoleUlIojul uoljeSiavu Juisn
1ojewfjod yormsoyd ay3 ioj uonewsojur Surjutod sajesauss osje washs viep Iy ‘uony
-1ppe U] -punoif ayy o9 Jo jjesdaoeds snouolydufsoal 0y 1 Sunyjiwsuesy pue a8e109s 10)
1t 3uissaidwiod 51099292p 241 wolj vjep Buigos([od :apnjoul SYSBY S awty yorgm Suunp
‘(a10wt 10 sfep og) spouad Fuo| 1o) Aj3uspuadapur yiom oy pauBisop s1 wayshs eyep ayy,

WILSAS V1va v

'syndut
193ndwod 03 syndut wuofse|d WoOL) Yo3IMS 01 SOAISS 10YEWI|[0d YY) sasned 1ayndwiod o_:.
wolj aulf [o13u0d ® ‘sa]3ue 3yeys wiojre[d pue vyep sIWLYds wolj sanfeA I[Ius 1jeys
Jojewl|[0d sare[Ndfed 1ajndwod ayy ‘pasnbar s Junjuiod jasyo uaym saull} 1y -uliof
-1e1d ayy woiy ss0Y) Ynm 9913e synopeat jjeys JeY) 12431 YOns saxe I0YeUIN][0d Y3 FALIP
SOAL96 [INWIZE U UOIIBAI[S 2Y1 ‘Uns 3y Bulalesqo uaym "ot ‘Bunyuiod j9sjjo aitnboa
jou ss0p weidord ayy uagm sewryy Suung -19ndwod [o13u0d 3y ur weidord Buimala
® 09 3uipi00e unlojreid aY) 0} IANE[I WYY BIUIIO pUT SIN|quUIBESE 1030939p pajewll|
{09 3y) mAUIed gopuod ay)y apisul Junow Yynunzeje uy -sjafiey lIejos-uou ayj 1o)
suorda11p Surjutod Surandwoo ur play snsuSew s yjies 9Y} JO SUONIEBIAIP 10] §109110D pue

’

“TIY LANIT'd ove

\

"Swashs uoof[eq jo weidelp yooig g ainig

6L€

S3iy3allva

T0HINOD
394VHD

S73Nvd
yvI0s

SNIS
OIAYN

SNIS
QV3H,0

OVN/¥VI0S

W3LSAS ONILNIOd ANV 43MOd VIOONOS

SNOLLYA¥ISHO AVH-VWVO UNY AVYE-X Q¥VIl 01 AVUIAVI NOO TV

[ %]
o mp
& 5| &
=
3
8 E] i
> z 2 o
z ~ » C
M m Ty A
~4 2 N fam pd
2 4 S zr Q
o - =) z S
o =
5 2
% =)
S 2 T
z [*]
F r
I
o o |o
o lo |o aillid
Z |2 |2
ERN
erPRA
] [=] 8
[ 9 [
_ _ [ - [
" x x
» >
z
® d F m
2 9 °
- a 4
o 2 a
o s ;
2 5 2
m o 4]
3] z 4
4 3 @®
2 o =
“




JUN/ABA ® pue Ia)jiwsuely SI0D 3Y) Yioq 09 E30rvjIajul sey wWashs eyep ayJ,
-?93uel jo no 303 uoojjeq ay) a10Jaq ‘4ydiy ays Jo Suruuidaq ayy e
awny-jeas ul viep ayy Sutiojuowr Joj aver sdq opos pue ‘4ydiy 9y Jo pua ayy e uolels
punou8 a1 0 vyep Juidwinp 10§ 3% sdq QOO'9GT SIPOW OM) UI UNI Bq [[IM I)jlwISuRI)
JHN/JHA aY], 1omwisuely ael 91q 431y JHN/JHA ® pue Jajjiwisuel) SHOD 24} ioq
10} ®1ep 97esausd pue 0] IdEJINUI JSNW WIISAs BIRP Y} SNy, ‘suotjedunwIwod Jydis
-Jo-3ul] OjuUl YoBQ SAWOD UOO[[Bq Ay} UAYM NUI[-UMOP 1OJ PIEOG-UO Palojs aq IsSnul ejep
3Y1 Jo Jnq SYL "BIEpP JUSAD PUT B)Ep SWil)-[eal pajlwil| UIe}qo 0) pasn st Jui| £1jowajdy
anfares ayg, “Aupqedes A1jawapay (sdq) puoosss-1ad-sjiq 0g Inoqe YIM ‘sajifjeIes SHAOD
3y} ®BIA SU jui[ ®jep swiy-{eal L[uo ayj, -“ejep ajes-y3iy 1oj uonels 3utaedal Jin/JHA
punoi8 ayy jo afuel jo 4no st uoofeq ayy ‘1ySiy ey Jo uoljeInp Y} Jo jsowr oy

uoissiwsues], e1e(] b'F

"sd1yd 41qo|1y 96g Y1m sVY 211 Suroejdas £q so14qelaw g 03 papurdxa aq
Apisea ued Ljedes ayJ, 'serhqedawt g Jo Aj1oedes [ejo3 ® o] SVY dtwreudp qopy 9
Auew Fururejuod (sa[npowr uotsuedxa DJ NGI) SIANPOW Alowaw djqe(reAs A[[e1012UIUI0D
Buisn pajuowsdwt sem VY 981e| s1y], "aJow 1o sajfqedaw g Jo azts VY € 9A18 squaw
-a1inbal asay) 19y3e30], "LVSOALIA/SAOD ©) UOISSIWSUERL) JOf §9SING JO JWIN[OA PajIuli]
® 21098 0] pasn 1 ]NVY 243 ‘uolippe U] 'pajdejs-al aq ued adey ayy 210jaq MOPIIAO [[IM
VY 241 1BY) Lauun st 91 ‘go st samod ade) ay) ajiym §INI20 sInq € JI ‘yey) 0Os pazis
St AVY a3 ‘osiy -deB ay) ueyy leB1e| aq pnoys azis yoo[q ayy ‘a8esn adel ayy ajeut
-wop o0y jou sde3 asayy 10j 19pio u] -odey ayy Surddoys pue Sutiess sof sdes sBue] yum
‘sY90[q Jz1S-PaxXy Ul UIPIIM 2q ISnW BIEp Os ‘pajjeuriojun s1 Jtun adey ayJ, -A(yuanbaijur
A11e) vo pauiny aq adey ay) 1y annbas suoneiapisucd 1amog ‘srjaweled jo loquinu
e £Q paufelIsuod st VY °31e[ 3Y1 Jo azis 3y} JO UOI0R[IS Y], ‘PIIR[0d UIQ SEBY
aUWIN[OA BJBP Ule}1ad ® Uaym ade) o o UdtIlIm 31e pur (NVY) KIOWIN 85320y wopuey
3d1e| ® ojul pagasjod are 1P AYJ, '93el0ls Jo 5294qeBi8 sopiaoid pue ‘(gg61) Jooy pue
asnoyl|y £q paquosop 1eY) 03 Jejlwis s1 sways sy Y, (SAT0S WO Auog) 1az13181p oipne
U® WolJ pasowdl preoq WOJ € Ym 19y32809 pasn st qun YOA jqeyiod [erorswwiod
Y ‘paresauad ejep jo awnjoa a8re| ayj 21035 01 paiinbas st Japiosas ade) Asuap Y3y v

93e101g vIR(] C'F

(VINQ) 85900y K10wdpy
99211 Jo sueawt £q ‘UonIUIAINUL NJD 3NN Yum Atowdw ojul nd pue pajrewnio) sre
§]U2A3 3Y) ‘39eI JUIAI wnuwixew YIy A12A1IRI21 Y7 JO ISNEBIAM] "SITI 1UIAD MmOl Suunp
souds ejep Butisem Inoyum djqe|ieAe s1 Uonnjosas awl Y3y ‘sojel jusae yRiy Buunp
JeY) dBejuTApE 313 SeY SWAYDE s ], ‘PIpnjdul os[e uoljewiojul Suidedyosnoy pue sajes
snolieA pue 'sjuaad p[ A1a49 pappe sFe) swly Yum ‘yewio) paxy ® ojul 12yjp30) pose
-¥>ed 31T 53UaA9 JO JAqUINU PaxY Y "A[331) POXIW 9q UED 510)09)3p SNOLILA 3Y) WIOI) Bjep
7843 OS I2YIIUIPl 1070333p B SIPN{IUI JUIAI YIBY "UOINII[[OO BJBP SNOUOIYOULSE Jo osn
a3 15933ns ‘erep ay) ssoxdwos o) padu AY) YIM 19Y12809 ‘sared Juaas Jo afuel aBle[ ayg,

uondao) 'req ¢'r

"aur[d-}req snqu[nur payipous € BIA §nq NJO Y} 03 pue 131980} P3302UUOD 1T YIIYM
‘spied snqunu deimalim uo paredtiqe) sI wa)sAs vIRp AY) jo 9sa1 AYJ, ‘999 ‘Iafjony

TVIANITd A we

149

waIsds eyep jo weilelp yroig ‘g aundiy

8s ﬁ [ ]

g2: 2 uus

£ e Hmb

] 232

M — i
WN

%201
VaLlvmuas vivg l
L IovauasNg ]
<
SHANN0D
siNaAT |

I

—
tmuaw j | 30vuIINT

—

l |$lllnﬂ°3|

t

3108 nOa)

s:

11NN Mdd
A0

Jdvi ¥IA

ssce ./ =] Y™

al ¥

N B3 v 8
i i
g ILLA [T B
FHHE ; gk
m

Siaw %

I
I[
:mInmj T

B4 n
z wm H m »
& E] W IR Qe
uj. il
..ua.. d W m : c§
i By L *

SNOLLYAYISHO AYY VINNVD ANV AVY-X QUYH 404 AVOTAVI NOOTIVEH



1hog8t
12/

‘(JASN £s234n02) suors
-SIISURI) B1EP SODYV PU® SHOD TIA Paulelqo duI SNSIBA apnjiyfe uoo[eqg 'k 21n1j

1861 AEVNY834
f2 02 61 8 4 91 o b < 2

B -0t

=
-
>
>
|
«Q
0
(14 cO1) 3aNLiLIV

B 00!

¥
1

o2

"IV IINITd o 247

DRIGINAL PAGE IS
OF POOR QUALITY

QUIY SIY) 92 MIIA JO P[aY 1033219p oY) ui SI Uns I,
‘A% OVI pu® 'S61 'IIC 9® uaas aq ued sainjeaj aull punoidyoeq Juaulwol "10123)ap
wnuewdd a8uis ® woiy wnipads sjunod mes aynuiw-gg Leviwiaid & smoys g ain
811 -Aemiapun st viep asoyy jo sish|euy -adej YOA pIeoq-uo Y} Ul Palols 3Iam ‘1IAI
-MOY ‘BJEp 3Y) JO [[V 'PAJIA003I UIIG IARY BIBD 9SOY) JO %01~ A[UO "IUINIWIIIW UdIq
aaey 07 sieadde qjenaoeds §OD 243 03 uoissiwsuely viep ay], -Apaajrad pouonduny
aaey o} pareadde sojuo1jda(a pue ‘waisks ejep juawzadxa ayy ‘si033913p Ay ||y
"a8euiep loutw £[3A1B[31 Y1)1M PIlaA0dal sem pue ‘sAup gl
131)e [izelg 19A0 UMOD N3 0} papuewWwIod sem peojled ay] -pasealdap apnije uoojjeq
3y se umop pamoils 1nq ‘(anoy/wx pgr~) Lep 1ad apnyiBuo] g~ Jo 3jel IJesaae ue je
plemisam pajle)s uoojjeq a4, ‘g Indg Ul umoys st uoojeq 3yl jo Kioalesy ayfg,
"sAep g1 2113Ud 3] 1oj 1] 000'0ET Jeau apniy|e B0} uoojjeq awijkep ayy 9day aaey
pinom 1yS1am peo[Led snid uoojreq [e101 2y Jo (sq[ 006-009) %S1-0I~ Surjetor sdoip jst|
-feg ‘esea1d3p wid)-Juo] [e1ausld 2y uo pasodwiadns apnynyje ut sdorp dieys ayy 10§ afq
-isuodse1 a1 UOO[jRq 3Y) MO[2q SPNO[D UIIOIS P[0 Y113 Y} PUE UNS Y} WOIJ SIAIIIII
uooj[eq Y3 uoljelpe:r 3yy Aq Auewnid paulwiIalep aIe ‘apnINiE JBOY Yl 2I0jIIY
pue ‘ainjeradura sel oyJ, ‘yes| [jews © wouiy L[qissod ‘fep 1ad %g-1~ Jo ajeI € 1B 150
sem winifay feyy sajediput sishjeue Lrewunpig -3y3ty ays 1noy3noiyy paseasdap A eid
-usd apninje jeoy sunyep aYJ, "W} SNSIIA IPNIN|E UOO|[EQ 3Y) SMOYS } a1nSy
uadsT
pides ayy jo ssatys ay) woiy padojaasp syes| swos sdeysad pue ‘pajusa sem wnipy
Yy jo swog -[euriou uey) 13431y "3) 000T~ “9'1—'3J 00O'TLI~ JO 2pnINe JEOY ® patdeas
uoojjeq Yy pue ‘(uiw/9) QOSI~) pides LPwdi3Xa Sem JUIISE Y} IST|TQ JO SSOf A
mAL 143ty SRS SY5 i0j NUOOVY PIISEl{eqUR UR SB MAp SNY) UOO|[Eq Y[, "Younr)
e paddosp a1am IsT[|Eq JO SQ| 006 || WAISAS [011U0D ISB|[Eq YT JO UOHIUNJTUL ¥ OF an(]
“el[ensny ‘s3undg 91y woij ‘1861 ‘6 L1eniqad In 00T~ 1€ payoune| sem projfed ay,

HJONVINUOLUHAL LHDILL 'S

‘3381 Jiq MO[ ® YONs SBY 91 NUIS (1 JD Y1 £q pantuLIo] Ie Bup
SAOD 3YJ, "uonedYlpow jnoym £[10a41p juas aq Lewr eiep ayy ey) os (933 ‘1 unod
awel) ‘spiom dufs Fulpnjoul) UOISSIWISUTI} 1Oj JQEHUNS JEWIOJ B Ul WIISLS UOL)II|0I
e1ep dy) £q 2dey pue Llowaw ul palojs are viep YL ‘(1 JD Y1 SUIUIPING-13A0 PioAE 0}
pasn st VINQ os pue ‘ajez ySiy A(nej e 9e sunl 1anjwsuesy JHN/J1A YL donrmsuesy

1149 SNOLLYA¥ISHO AVY- YIWINVO ANV AYY-X Q¥VH Y04 AVOTAYd NOOTTIVE




168 ‘e
sup 198 20vdg 1161 N Y ‘Buylag pue g ‘M ‘sIsane g 7 g ‘urloN 7 T ‘uosayuy
60171
18T T shydosisy 1861 0 Y “apnyy pue “p BN Y Y 2uemyag C gy urg
V1A T "emeiig fuo) yvdsoo AIXX 7204 'T86T A “Ajwy
0°Qq "unButysem ‘VSYN ‘g d p 1°A ‘9288 1y
Juop vsvn ‘ssadvy fuop fivy nusoy Clavusdup yi6r ‘('spa) o 32 sauor ‘'n 4
ut ‘eggr r ‘sewor ], pue “q TN A g ‘Ayauag 'y ‘wamQ “ar WD ak1g "y “eSoy
. T1Z '0s01
~dS VST ‘e861 1’9 ‘PutaIpap pue “r ‘uafiooy uep “IW “4aurwiog "D "uuewose g
"W PIN ) ‘Aepany g IS4l p ‘esty “O-p ‘xnouayy "D ‘1e8erap "y ‘unop
.O.Q —:OQ
Buiysem ‘VSVN ‘s6e d ‘g fop 'gLeg 19nd fu0) VSYN ‘ssadog “fuoy fivy snusop
lavudaqur yigr ‘(spa) o 32 seuop O d W 86T Y M Yoo pue M ‘ssnoyypy

SIONTUITATY

‘91S-A\DVN 1ue8 YSyN pue 1£570b8JALY jueld JASN £q 13ed ur pajsoddns sem Yo1easos
SI4y, "1oddns pue wtape papasu yonur papiaold aarasay usaysapy eser e dnoss

siy pue ak1q ‘D pue 4SN I® 0% "(q ‘wshs jse|jeq pue siajjiwsuen SODUV pue
SJ0D 343 parfddus pue peojfed ayy jo L19100as Pue younej ayy papraoid jautosiad ygsn

SININOATTMONMOYV

"uns 3atnb 3y) Jo uolIEALISqO SIYN utw
0g 3ulmp 1010093p worurwiad s[3uis ¢ wolj wniyads ajey junod sjdweg g aind

(A34) AOHINI NOLOHd
009 oop 002 0

‘B T ?E_.,,,,{__ __.‘_4.,_

935 AM/ swuno) , o)

1929 SNOLLYA¥3SHO AVE-VIWINVD ANV AVYH-X QUYH A0S AYOTAVI NOOTTVY



Appendix C
Previous LDBF Flight Systems

Here, we describe two flight systems already developed and flown by our investigator team

which form a strong technical basis for the support systems needed to attain our Max 91 objec-
tives,

The LDBF '87 Gondola

This payload, described in detail by Lin et al.,, “A long duration balloon payload for hard
X-ray and gamma-ray observations of the Sun’’ (appended), was developed explicitly for the study
of transient solar phenomena. The successful flight of this system demonstrated the feasibility of
the technical approaches used in its design and indicated the promise for long duration balloon
flights as a solar observation technique.

The LDBF '88 Gondola

The occurrence of supernova 1987a in February 1987 (SN 1987a) presented a unique oppor-
tunity to study explosive nucleosynthesis as well as the dynamics of the supernova process. How-
ever, the transient nature of the event demanded that observations be conducted as soon as possi-
ble with special emphasis on observing the evolution of the 4-ray flux during the first one to two
years. On this basis it was decided to assemble a long duration payload which would provide
observations using existing instruments. The system would include the phoswich scintillator array
from the previous LDBF payload and a shielded germanium detector system currently under
preparation for a test balloon flight. These instruments would be interfaced to the existing LDBF
system. New mechanical subsystems would be developed to support the existing detector and the
existing LDBF computer and software would be adapted to control the new gondola. As originally
conceived very little new development would be necessary. This was fortuitous, since the entire
payload would have to be fabricated, tested and shipped to Australia within 7 months if the
February 1988 launch window were to be met.

Gondola Description

The LDBF88 gondola was designed to meet the unique requirements imposed by the SN
1987a opportunity, the detector systems to be used in the observations, and the long duration bal-
loon flight operation.

Detector platform. The fundamental mechanical requirement of the LDBF88 gondola was to
provide co-aligned pointing for the tandem detector components while supporting an unusually
large ballast load, as well as solar panels and an independently orientable communications dish.
This was accomplished by mounting the two detector systems on a detector platform which was
movable in azimuth around a central load-bearing column. The detector platform also provided
an elevation gimbal to give the needed 2-axis orientation freedom. The detector platform also car-
ried a reserve LN, cewar for replenishment of the small germanium detector coolant supply. All
electronics systems were carried on an electronics platform, fixed to the central column below the
detector platform. This layout is shown schematically in Figure F1 and illustrated in a model of
the internal gondola assembly shown in Figure F2.

Thermal contral. For thermal control, the entire internal assembly was contained within an
insulating chamber abricated in the approximate shape of a cube, ~2 m on a side. This primary
thermal control system is designed to use the ambient electronics dissipation to maintain an
environment between 0 and 30°C through balloon night and day operation. Additional ‘“secon-
dary” thermal control is provided to the phoswich scintillation array by thermally isolating it from
the internal gondola assembly and enclosing it in its own insulation chamber. Thermostatically
controlled heaters are then provided within the phoswich chamber to maintain its temperature
within 20 to 30°C.

Aspect platforra. As noted above, the detector platform is driven in azimuth against the elec-
tronics platform. To provide aspect reference a third platform is provided above the detector
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Figure F1. Load path schematic. This drawing indicates the relationship of the principle mass
elements in the LDBF88 flight system. The in-line central structure was a particularly efficient

design for carrying th: ballast hopper (up to 1500 Ibs.) and providing a compact gimbal for the
tandem detector array.



Figure F2. A model of the LDBF88 internal gondola. This illustrates the relationship of the
detector gimbal to the electronics and aspect platforms. The mounting of the INMARSAT 1-m

dish is also indicated. This assembly (excluding the antenna and aspect platform is carried within
a thermal control enclosure).
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assembly to mount a solar tracking sensor and magnetometer assembly. This “aspect platform”
co-rotates with the detector platform with its sensor outputs in a closed loop with the azimuth
drive motor. Thus, the azimuth servo is configured to either maintain the solar tracker on the sun
azimuth position, or alternatively, maintain the reference magnetometer at null. Finally, the
aspect platform may, under control of the central processor, be moved to an arbitrary offset posi-
tion relative to the detector platform. This provides capability to orient the detector platform to
any desired position relative to either the solar or magnetic reference. For elevation control, a
second solar elevation tracker is mounted on the aspect platform. This device, similar in concept
to the azimuth tracker, uses a simple shadow-vane/photodiode sensor arrangement to track the
solar elevation angle. The detector elevation servo is then synchronized with the solar elevation
sensor to follow the sun in elevation. Figure F3 shows the internal gondola undergoing angular
alignment prior to enclosure in the thermal box.

Ezternal Gondola. Additional components, mounted in fixed relation to the electronics plat~
form include the solar panels, the communications antenna, and the ballast hopper. These systems
were carried by the internal gondola through thermally isolated mounts which penetrated the insu-

lation cube. Figure F4 shows the complete gondola with the solar panels folded, suspended from
the launch vehicle.

Weight Breakdown. A critical aspect of the LDBF88 system was the overall system weight.
In addition to using a weight efficient configuration requiring a minimum of structure, key ele-
ments of the LDBI'88 system were designed for minimum weight using novel materials and
designs. The electronics platform was fabricated using aluminum honeycomb for high strength
and rigidity. The primary thermal enclosure box was constructed from urethane foam (thermal
conductivity ~1/2 of “conventional” styrofoam per unit weight). The enclosure was carried by the
electronics platform through a foam core fiberglass superstructure which also carried the solar
panels. The solar panels were constructed using ultra-thin wall tubing frames with fiberglass mesh
for mounting of the solar cells. These structural elements proved to be remarkably durable, sus-
taining practically no damage through cutdown and impact of the gondola. Table F1 gives a
breakdown of the LDBF88 subsystem weights as flown.

Table F1. LDBF88 Gondola Weight Breakdown

Detectors and LN supply: 454.5 lbs.
Structural components: 199.0
Thermal control components: 195.0
Electronics: 278.0
Batteries: 290.0
Misc. mechanieal: 105.5
Solar panels: 105
NSBF mechanical: 462.5*
NSBF electronics: 62
Total flight system: 2150 lbs. (w/o ballast)

* In:luding 191 lbs. for extra heavy duty parachute and rigging

The overall electrical design of the LDBF88 gondola was largely derived from the original
LDBF system described in detail by Lin et al. (1987). That system utilized a single board com-
puter organized around a Harris 80C86 microprocessor. For brevity we will not repeat the descrip-
tion of that system, but only describe the significant modifications which were incorporated into
the LDBF88 system.

INMARSAT. In order to provide real time bi-directional contact a one-meter antenna which
operates via the INMARSAT shipboard communications system was incorporated into the flight
system. This unit, procured from a commercial vendor and adapted to operate in a balloon
environment, would essentially provide a telephone link to the gondola processor with simple
modem interface operated at 1200 baud. Other modifications to the gondola processor system,
described below, were required to support the system.
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Figure F3. Internal gondola alignment operation. The internal gondola is shown here during

alignmnent of the aspect platform relative to the detector platform. Both solar and magnetic
references are calibrated to permit day and night operation.

Figure F4. Flight system
on launch vehicle. The com-
plete gondola including ther-
mal enclosure, solar panels
(folded), and ballast hopper
is shown being prepared for
a February 1988 launch.
Preparation of the INMAR-
SAT antenna was not com-
pleted in time for the unit to
be included in the payload
for this flight.




Transit/ Omega. This system, supplied; by NSBF, is a hybrid of two complementary naviga-
tion systems, designed to provide essentially constant Omega positional information with periodic
initialization updatss via the Transit satellite system. Geographic position data generated by the
system were read directly into the gondola processor to assist in celestial navigation computations.
Since the Transit/Omega system was considered to be developmental, back-up navigation data
would be provided via the solar transit detection system carried over from the originai LDBF gon-
dola. The on-board computer would be instructed via ground command (either link-of-sight or
INMARSAT) as to which navigation system should be referenced by the celestial navigation pro-
gram.

On-board Computer. The 86C86 single board computer was modified by doubling the avail-
able RAM to 4.0 Mbytes. This enhancement was required to support additional data management
tasks introduced by the use of the INMARSAT system. Accordingly, there were substantial
modifications required to the flight software package to generate the INMARSAT data base, for-
mat it for output, and perform the required antenna control functions for establishing ground con-
tact and interacting with the ground computer.

Other modifications incorporated in the flight system included: a) increasing the solar panel
area to provide 1325 watts available power for 24-hr. operation of the system; 2) a three-stage bal-
last control system, provided by NSBF; and 3} a nitrogen replenishment system for periodic refill
of the germanium dewar.



Appendix D

Long Duration Balloon Flights (LDBF's)

HIREGS is designed to use the standard 28.4 million cu. ft., 3000 Ib. nominal (3700 Ib. max-
imum) payload capability balloon which has been used for long duration balloon flights (LDBF) in
the past two years. Four mid-latitude flights have been completed successfully with this balloon,
two each in early 1987 and early 1988. All the flights were launched from Alice Springs, Australia,
and proceeded westward to South America, where the payloads were recovered. Flight durations
ranged from 6 to 12 days, with the longer flights due to lower float altitudes.

Our group designed and fabricated the scientific payloads for two of the flights, one in each
year. In 1987 we flew hard X-ray and low energy gamma-ray instrumentation for solar observa-
tions (see Lin et al,, 1987). An auto-ballast system malfunction dumped all the ballast at launch,
so the balloon flew as an unballasted RACOON (RAdiation COntrolled balloON), i.e., the bal-
loon rose in the daytime and sank at night. The daytime float altitudes monotonically decreased,
due to loss of lift with time. Calculations based on standard atmospheric models indicate that
~2.5-3% lift was lost each day-night cycle. For a 7-day flight (six nights) this implies that
15—-18% of total (payload plus balloon) weight is required in ballast (1050—1300 lbs.) to maintain
the initial daytime float altitude of ~126—130K ft. through the flight. If an additional ~200 Ibs.
ballast is carried for emergencies this leaves ~2200—-2450 lbs. for payload, sufficient for an instru-
ment such as HIREGS. Longer flights, perhaps around the world, are possible but the latter part of
the flight would be as an unballasted RACOON with decreasing float altitudes. This may be an
acceptable method for extending solar gamma-ray observation time by ~3 days since the gamma-
rays will penetrate to ~10° ft. altitude.

Antarctic Flights

An attractive alternative is provided by flights in Antarctica during its summer. A 11.6 mil-
lion cu. ft. balloon with a ~2390 lb. payload was successfully launched in January (1988) from near
McMurdo (78" latitude) (Rester et al., 1988). After 65 hours the payload was cut down because of
a power supply failure. The balloon drifted westward approximately along the 78" latitude line
and came down near Vostok, about 80° west of McMurdo. Based on the information from this
flight, the primary advantages of Antarctic flights are:

1. 24 hour/day solar observations;

2. Much longer flights are possible. Lift loss of less than 0.5%/day was observed in this
flight. Thus 15% of total payload weight in ballast would last 30 days, compared to 7
days at mid-latitudes.

3. No problems with crossing international boundaries;
4. Essentially 1o risk of accidental landing in a heavily populated area, or in an ocean.

Since the Sun would always be relatively low in the sky the photon transmission through the
atmosphere would be lower than at mid-latitudes, but by only ~10—25% (averaged over 12 hours
mid-latitude, and 24 hours for Antarctica) at gamma-ray line energies (see Figure D1). Leakage
background would increase because of the lower geomagnetic cutoff in Antarctica. Data from the
January 1988 flight, however, indicate that with good shielding the background increase is not a
major problem (see Rester et al., 1988).

Long Antarctic flights thus appear to be ideal for catching the large flares which have strong
gamma-ray line emission. Such large flares would also provide the count rate statistics needed for
detailed hard X-ray images at high time resolution and for physically meaningful polarization
measurements, observations which might be made by other Max '91 balloon instruments. Also,
Antarctic flights are advantageous for possible Max '91 optical as well as hard X-ray fine imaging,
in that the Sun can always be observed without looking through the balloon.

In the January 1988 Antarctic flight the payload was recovered by a ski-equipped airplane.
Recovery may not be feasible over some parts of Antarctica. On the other hand, >75% of mid-
latitude flights are over oceans where recovery would not be possible either.
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With the wind at float altitudes flowing typically along latitude lines, an intriguing possibil-
ity is to launch balloons from the South Pole. The balloons should then stay near the South Pole
and a single ground station could provide continuous line-of-sight telemetry. At present, however,
only small 1-2x10% cu. ft. balloons have been hand launched from South Pole. Equipment and
techniques would need to be developed for launch of large balloons and heavy payloads. Our
group at UCB is planning South Pole launches of ~300 lb. payloads with ~3 x10° cu. ft. balloons
in December 1989/January 1990.

Northern Hemisphere Flights

Southern hemisphere LDBFs are only possible in the December-February summer season.
Northern hemisphere LDBF's offer the possibility of coverage in the June-August northern summer-
time. This is particularly attractive since most of the ground-based solar observatories are located

in the northern hemisphere, and they are able to obtain the most extensive solar coverage in sum-
mertime.

LDBF's have been made from Sicily to the U.S. in the past. The prevailing winds, however,
will bring the ballocn over the heavily populated eastern seaboard of the U.S. An alternative
would be to launch from the west coast of the U.S. and recover the payload in China. The
Chinese have had extensive experience in scientific ballooning and are presently involved in a
cooperative program with Japan, where balloons are launched from Japan and the payload
recovered in China. They are eager to collaborate in U.S.-China LDBFs as well. Such LDBFs
could provide flight t.mes comparable to Australia-Brazil. Mid-latitude northern hemisphere LDBF
possibilities definitely need to be explored for Max ’91.



